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HOW TO TRAIN REFINERY ENGINEERS IN 
DISTILLATION 


By Ju Cum Cuv * 


THERE is an acute shortage of chemical or refinery engineers with adequate 
and up-to-date training in distillation. Chemical engineers are often at a 
loss when they are called on to solve complex distillation problems in modern 
refineries. They sometimes find that the distillation course which they 
took in their academic institutions is inadequate for the solution of practical 
problems. 

Distillation is one of unit operations which has achieved a tremendous 
progress during the past ten years through its wartime applications in 
industries as well as extensive research in laboratories. A bibliographical 
list compiled by Rose 2% has covered more than 200 pages in a short span 
between 1941 and 1945. The rapid growth of distillation literature 
rendered existing texts and references more or less obsolete. 

The author first organized a graduate course in distillation at Washington 
University in 1947 and 1948. The course was offered with three lecture 
hours in two semesters. Since 1949, the same course has been offered in the 
Graduate School at Polytechnic Institute of Brooklyn, Brooklyn, N.Y. 
The course offered at both institutions has been well attended by chemical 
engineers and petroleum technologists in industries in greater St. Louis 
and Metropolitan New York, as well as the full-time graduate students at 
both institutions. 

During the past few years many inquiries have been received from different 
U.S. universities asking such questions as: How can a well-rounded 
graduate course in distillation be conducted? Where and how can the 
necessary material be obtained for such an advanced course? This paper, 
which consists of two parts—literature guide and subject matter—is 
written with the hope of meeting the current need of both academic institu- 
tions and refineries in their programme to train engineers or technologists 
in distillation. All literature cited during the discussion of subject material 
is given at the end of the paper for the convenience of reference. 


GUIDE TO THE LITERATURE 


BIBLIOGRAPHIES 


In addition to the widely used abstracting and indexing services, such as 
Chemical Abstracts, Industrial Arts Index, Engineering Index, and Centralblatt, 
those publications specializing in distillation are listed in the following :— 

Vilbrandt, F. D., et al. “ Distillation Bibliography,” 1946, Bull. Virginia Polytech. 


Inst. Eng. Expt. Sta. Ser. No. 62. 
Stige, H., and Schultze, G. G. “‘ Theory, Apparatus and Process of Distillation 


* Associate Professor of Chemical Engineering, Polytechnic Institute of Brooklyn. 
ss 
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and Rectification.” Washington, D.C., V.D.I. Verlag, 1944, translated and published 
by Hobert Publishing Co., 1947. 


Rose, Arthur, e¢ al. “ "Distillation Literature, Index and Abstracts, 1941-1945,” 
State College, Pa., 1948. 


The Vilbrandt publication covers the distillation literature in English up 
to about 1946. It is selective with an engineering bias, and by no means 
extensive, especially in view of the fact that the patent literature is not 
included. 

The Stage and Schultze bibliography covers references in the years 
1920-44, with titles arranged according to subject matter. Though the 
references during the war years are not complete, the list is very extensive. 
The work done by Rose covers the years of 1941-45, and includes brief 
abstracts of papers on distillation as well as a subject and substance index. 


MONOGRAPHS 


Ariis, D, ‘“‘ Distillazione frasionate, teorie apparecchi di distillazione rettificiazione, 
colome a circuite termico chiuse. Apparecchi ad alcool assolute castruzione degli 
apparecchi pa distillazione frazienate.’’ Mailand: U. Hoepli, 1927. 

Barbaudy,I. ‘‘ Bases Physicos-Chimiques de la distillation, Memorial des sciences 
physiques.”” Paris: Gauthier Villars 1928. 

Bergstém. fér beriikningar vid destillation a vitskeolandigar i kolonn- 
apparater,” 

a ney, T.B. ‘ Laboratory Fractional Distillation.” New York: The Macmillan 


Chu, J. C. “ Distillation.” New York: Reinhold Publishing Corp., to be 


published. 

Chu, J. C., and Paul, R. “ Distillation Equilibrium Data, Supplement Volume.” 
New York: Reinhold Publishing Corp., 1951. 

Davies, M. ‘‘ The Physical Principles of Gas Liquefaction and Low Temperature 
Rectification.”” New York: Longmans, Green and Co. Inc., 1949. 

Edmister, W. €. -‘‘ Hydrocarbon Absorption and Fractionation Process Design 
Methods.” Dallas, Texas: The Petroleum Engr, 1949. 

ay ee Distillation in Practice.” London : Benn, 1925. 

Gay, L. “ Distillation et rectification.” Paris, 1935. 

Hausbrand, E. ‘‘ Die Wirkungsweise der Rektifizier und Destillier-apparate. 
Berlin : Springer, 1921. 

Jantzen, E. ‘‘ Das fraktionierte Destillieren und das fraktionierte Verteilen als 
Methoden zur Trennung Von Stoffgemischen.” Dechoma Monographic, Bd. 6. 
Berlin: Verlag Chemie, 1932. 

Keeson, W. H. ‘“‘ Théorie Thermodynamique de la Rectification.” Louvan: C. 
Uystpruyst, 1939. 

Kirschbaum, E. ‘“‘ Destillier—und Rektifiziertechnik.” Berlin: Springer, 1940, 
translated by Wulfinghoff, M., New York: Chemical Publishing Co. 1948; Second 
German ed., 1950. 

Klit, A. ‘‘ Studier over fraktioneret Destillation med saerlight henblik paa dis- 
kortinuerlig Fraktionering.”” Copenhagen: Thaning and Appel. 

Mariller,C. ‘‘ Distillation et rectification des liquides industriels.”.. Paris: Dunod, 
1925. 

Nehbel, H. ‘‘ Uber den Bau und die cenit, von Destillier und Rektifizier- 
apparaten fiir alkoholhaltige Maischen. = und Reinigung des Spiritus nebst 
einen Anhang iiber Wasser destillier rlin: Maetzig & Co., 1927. 

Prahl, W. ‘‘ Theorie und Praxis der Destillation.” Berlin: Springer, 1932. 

Rechenberg, C. V. ‘‘Einfache und fraktionierte Destillation in Theorie und 
Praxis.” Leipzig: Schimmel & Co., 1923. 

Reilly, J. “‘ Distillation.” London: Methuen & Co., 1936. 

Robinson, C. 8., and Gilliland, E.R. ‘“ Elements of Fractional Distillation.”” New 
York : McGraw-Hill, 1950. 

Scheibel. “Distillation,” Encyclopedia of Chemical Technology, Vol. V, New York: 
A Die den Elemente d hnologischen Berechn 

Skeble, A, ** Die grun = te der tec en jung von 
Erdéldestillationsanlagen.” : As-Gonti, 1939. 


4 


af 
kde 
| 
\ 
‘ | 
| 
| 
‘ 


CHU: HOW TO TRAIN REFINERY ENGINEERS IN DISTILLATION 607 
“ Distillation et Rectification industrielle.” Paris: Gauthier Villars, 


ne as of the Literature on the Construction, Testing and Operation 
Washington, D. C. s U. S. Bureau of Mines, 1939. 
Distillation.” New 


Woronzoq, J. J. 
Moscow : Gonti, 1938. 
Young, 8. “ Distillation Principles and Processes.” London: Macmillan, 1922. 


GENERAL REFERENCES 


The following books, or handbooks, have one or two chapters devoted to 
distillation :— 


Badger, W. L., and McCabe, W. L. ‘‘ Elements of Chemical Engineering.” New 
York : McGraw-Hill, 1936. 
en, 8. American Petroleum Refining.”” New York: Van Nostrand, 1945. 
Bernhauser, K. = Einfihrung in die organisch chemische Laboratoriumstechnik.” 
i , 1942. 
“ Technizche Thermodynamik.” Vols. 1 and 2. Leipzig: Stein- 


rown, og G., etal. ‘‘ Unit Operations.” New York: Wiley, 1950. 


Hil, ; Be F. “Chemical Engineering Thermodynamics.” New York: McGraw- 
1944. 
Eucken, A., and Jakob, M. Der Chemie-Ingenieur.” Leipzig: Akad Verlagsges, 
1933. 
Grue, W. A., and Stevens, D.R. ‘‘ The Chemical Technology of Petroleum.” New 
York: McGraw-Hill, 1942. 


Hildebrand, J. H., and Scott, R. L. ‘“‘ Solubility of Non-Electrolyte.” New 
York : Reinhold Publishing Corp., 1949. 


ittel und Werkstoffe. ‘‘ Chemische Ingenieurtechnik.” Berlin: Springer, 
1935. 


Hoube, J. ‘‘ Die Methoden der organischer Chemie.” Leipzig: C. Thieme, 1925. 

Hougen, C. A., and Watson, K.M. ‘ Chemical Process Principles, Part II.” New 
York: Wiley, 1947. 

Kuenen, J. P. “* Theorie der - Verdamp: und Verfliissigung von Gemischen, und 
der fraktionierten Destillation.”” Leipzig: Barth, 1906. 

Marder, M. ‘“ Motorkraftstoffe.’”’ Berlin : Springer, 1942. 

Morton, A. A. “Laboratory Technique in Organic Chemistry.” New York: 

McGraw-Hill, 1938. 
. L. “ Petroleum Engineering.” New York: McGraw-Hill, 

1. 

Perry, J. H. ‘‘ Chemical eers ” New York: McGraw-Hill, 1950. 

“The Science of Petroleum.” Vol. I.-IV. 1937, Vol. V 1950. London: Oxford 
University Press. 

Ullmann, F. “ der technischen Chemie.” Vol. III., p. 598. Berlin; 
Urban & Schwarzenberg, 19 ‘ 

Walker, W. H., Lewis, Ww. K., McAdams, W. H., and Gilliland, E. R. “ Principles 
of Chemical Engineering. ” "New York : McGraw-Hill, 1937. 


Weygand, C. “ Organische chemische Experimentierkunst.” Leipzig: Barth, 
1938. 


Among the list of monographs on distillation, it was found that most of 
them were published before 1940. In the fast-changing field, none of the 
books on distillation can supply reasonably complete material. 

General references (listed above) are books which have one or two chapters 
devoted to distillation and are also used frequently in the course. For 
instance, Hildebrand’s work on “ Solubility of Non-electrolytes ” is a good 
supplementary reading on vapour-liquid equilibrium. 

The chapters on physical equilibrium and distillation in Dodge’s book, 
the vapour-liquid equilibrium chapter in Hougen and Watson’s, and 
distillation section in Perry’s handbook, supply good material, especially 
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in the introductory discussion of the course. An excellent discussion of 
distillation design has also been given in books by Bell, Marder,?®° and 
Nelson *4°; while Bosnjakovic ?° gave a complete treatment in the applica- 
tion of enthalpy-concentration diagram to distillation calculations, 
Bernhauser, Huben, Morton,*°* and Weygand*7* gave commendable 
discussions on h laboratory distillation. 


PERIODICALS AND BULLETINS 


As a rough estimate, 80 per cent of the lectures conducted currently are 
taken from the following periodicals, which are noteworthy for the high 
calibre of articles reporting original research or giving reviews on 
distillation :— 


greene and Engineering Chemistry. Washington, D.C.: American Chemical 
iety. 

Chemical Engineering Progress and Transactions of American Institute of Chemical 
Engineers. New York: American Institute of Chemical Engineers. 

Analytical Chemistry (formerly Analytical Edition, Industrial and Engineering 
Chemistry). Washington, D.C.: American Chemical Society. 

Proceedings of the Annual Meeting of the American Petroleum Institute, Section III. 
New York: American Petroleum Institute. 

Zeitschrift Vereinigt deutsch Ingenieur Verfahren Technik. 

U.S. Patents. ; 

German Patents. 

British Patents. 

French Patents. 

Journal of the Institute of Petroleum. London. 

Erdél und Kohle (formerly Oel und Kohle). Berlin. 

M.I.T. Chemical Engineering Theses. Cambridge, Mass. M.I.T. 

Petroleum Refiner. Houston, Texas: The Gulf Publishing Co. 

Petroleum Processing (formerly Technical Section of National Petroleum News). 
Cleveland, Ohio :_ National Petroleum Publishing Co. 

Khimischeskii Referativng. Zhural (discontinued with 1941, 4, (9). 

Die Chemische Technik (Berlin, formerly as Die Chemische Fabrik). Vereinigt mit 
Chemische a Berlin, Verlag Chemie, G.m.b.H. 

feanieh eekblad. Amsterdam C. Holland: D. B. Centen’s Uitgevers-Maat- 
schappij. 

Bulletin de Vacademie des science de ’ Union des Republiques Sovietiques Socialists. 
Moscow: U.S. Izdatel’stuo Akademii Nauk, U.S.S.R. 

Transactions of the Institution of Chemical Engineers (London). London: Institu- 
tion of Chemical Engineers. 

Archiv fiir Warmewirtschaft und Dampf Kessel wesen. Berlin: V.D.1. Verlag. 

Chemistry and Industry. London: Society of Chemical Industry. 

The Oil and Gas Journal. Tulsa, Okla: The Petroleum Pub. Co. 

The Petroleum Engineer. Dallas, Texas: Petroleum Engineer Publishing Co. 

roca 4 Research of the National Bureau of Standards. Washington, D.C.: Govt. 
Printi ce. 

Bulletin de l'association des chemistes. Paris: Henri Frangois Dupont. 

Canadian Journal of Research. Ottawa: Canadian National Research Council. 

Chemical Engineering (formerly Chemical & Metallurgical Engineering). New 
York : McGraw-Hill. 
Pais yg of the American Chemical Society. Washington, D.C.: American Chemical 

iety. 

Sena London : Scientific Publications Ltd. 

Gliickauf berg-und hiittermdnni-sche Zeitschrift. Essen, Germany: Verein fiir die 
bergbaulichen Interessen in Essen. 

The Analyst. Cambridge, England: W. Heffer & Sons Ltd. 

The Industrial Chemist and Chemical Manufacturer, London. 


The above list of journals is by no means an extensive presentation. A 
careful survey indicates that the papers on distillation, together with its 
borderline subjects, have appeared in as many as 112 periodicals throughout 
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the whole world. Only those journals which have given frequent appearance 
of distillation literature during the last ten years are presented. 


“* Bubble Plate Phenomena Symposium,” Los Angeles Regional Meeting of American 
Institute of Chemical Engineers, Mar. 1949. ‘ 

Colburn, A. P. ‘“‘ A Graduate Course in Distillation,” paper presented at Minne- 
apolis meeting of American Society for Engineering Education, June 1947. 

Colburn, A. P. “‘ Azeotropic and Extractive Distillation,” paper presented at Third 
Summer School for Teachers of Chemical Engineering, American Society for Engineer- 
Madison, Wisc, Aug. 1948. 

ickman, K. C. D., and Mess, G. C. ‘‘ Annual Review on Molecular Distillation,” 
Industr. Engng Chem., 1946, 38, 28. 

Hickman, K. C. D. ‘“‘ Annual Review on Molecular Distillation,” Industr. Engng 
Chem., 1947, 39, 19; 1948, 40, 16; 1950, 42, 36. 

‘“* High Vacuum Symposium,” Industr. Engng Chem., 1948, 40, 778. 

Hougen, O. A. ‘“ Review on Applied Kinetics and Equilibrium,” Industr. Engng 
Chem., 1948, 40, 1556. 

Hougen, O. A., and Hsu, J. P. ‘“ Annual Review on Kinetics and Equilibrium,” 
Industr Engng Chem., 1949, 41, 1825. 

“Phase Equilibria Symposium,” 42nd Annual Meeting of American Institute of 
Chemical Engineers, Pittsburgh (Dec. 1949). Regional Meetings: Houston (March 
1950); Minneapolis (Sept. 1950). 43rd Annual Meeting of American Institute of 
Chemical Engineers, Columbus, Ohio (Dec. 1950). 

Rose, Arthur. ‘‘ Review on Distillation,” Anal. Chem., 1949, 21, 81; 1950, 22, 59. 

‘“* Symposium on Bubble Plate Efficiency,”’ 41st Annual Meeting of the American 
Institute of Chemical Engineers, New York (Nov. 1948). 

“* Symposium on Distillation,” Industr. Engng Chem., 1947, 39, 686. 

“Symposium on Distillation,” Proc. Amer. Petrol. Inst., 1946, 3, 14. 

Walsch, T. J. ‘‘ Annual Review on High Temperature Distillation,” Industr. 
Engng Chem., 1946, 38, 8; 1947, 39,17; 1948, 40, 13; 1949, 41, 25; 1950, 42, 32. 

Wilhelm, R. H., and Toner, R. K. “‘ Review on Kinetics and Equilibrium,” Industr. 
Engng Chem., 1950, 42, 1644. 


TABLES AND CHARTS OF THERMODYNAMIC PROPERTIES AND OTHER 
Dersien Data 


** Annual Tables of Constants and Numerical Data.” Paris, 1910-48: Hermann 
and Co. 

Brown, G. G., Katz, D. L., Oberfell, G. G., and Alden, R. P. ‘‘ Natural Gasoline 
and the Volatile Hydrocarbons.”” Tulsa, Okla: Natural Gasoline Association of 
America, 1948. ‘ 

Chu, J. C., Getty, R. J., Brennecke, L., and Paul, R. ‘ Distillation Equilibrium 
Data.”? New York: Reinhold Publishing Corp., 1950. 

Chu, J. C., Paul, R., and Levy, 8. “Distillation Equilibrium Data, Supplement 
Volume.”” New York: Reinhold Publishing Corp., 1951. 

Doss, M. P. ‘ Physical Constants of the Principal Hydrocarbons.” New York: 
The Texas Co., 8th Edn, 1943. 

Hodgman, C. D. “Handbook of Chemistry & Physics.” Cleveland, Ohio: 
Chemical Rubber Publishing Co., 1949. 

Horsley, L. H. ‘‘ Tables of Azeotropes and Non-azeotropes,” Anal. Chem., 1947, 
19, 508-609; 1949, 831-73. 

Hougen, O. A., and Watson, K. M. ‘ Chemical Process Principle Charts.” New 
York: Wiley, 1946. 

International Critical Tables. New York: McGraw-Hill Book Co., 1928-33. 

Justi, E. ‘‘ Spezifische Wirme, Enthalpie, Entropie, und Dissoziation technischer 
Gase.” Berlin: Springer, 1938. 

Katz, D. L., and Rzasa, M. J. “ ri “a9 A for the Physical Behaviour of 
Hydrocarbons under Pressure and Related Phenomena.” Ann Arbor, Michigan: 
Edward Bros., 1946. 

M. W. Kellogg Co. ‘‘ Charts on Liquid—Vapour Constants and Fugacities.” New 
York, 1950. 

Lacet, M. ‘ Tables Azeotropiques, Book 1, Azeotropes Binaires Orthobares,” 
2nd ed. Brussels: Uccle, 1949. 

Landolt-Bérnstein-Roth-Scheele. ‘“‘ Physikalisch-Chemische Tabellen.’’ Berlin : 


Springer, 1925-36. 
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A. Handbook of Chemistry.” Sandusky, Ohio: Handbook Pub- 
ers, 
Maxwell, J.B. ‘‘ Data Book on Hydrocarbons.” New York: D. Van Nostrand, 


Me casini, Pitzer, Taylor, Ebert, Kilpatrick, Beckett, Williams, and Werner. 
** Selected Values of Properties of Hydrocarbons” API project 44, Nat. Bur. Stand. 
Circ. 461, 1947, issued currently in loose-leaf form by API project 44, CIT, Pittsburgh. 

ini, Wagman, Evans, Levine, and Jaffe. ‘‘ Selected Values of Chemical 
Thermodynamic Properties,’’ Nat. Bur. Stand. Circ. 500, 1950. 

Sage, B. H.,and Lacey, W.N. ‘‘ Thermodynamic Properties of the Lighter Paraffin 
Hydrocarbons and Nitrogen.’”” New York: American Petroleum Institute, 1950. 

Stull, D. H. ‘‘ Vapour Pressure of Pure Substances, Organic and Inorganic Com- 
pounds,” Industr. Engng Chem., 1947, 39, 517-50, 1684. 

“ Selected Values of Properties of Hydrocarbons ” ** is compiled under 
three series, arranged according to individual compounds. Heat capacities, 
together with other thermodynamic properties at 25° C, are presented in 
Series I, and their value at regular temperature intervals from 0° K to 
high temperatures are listed in Series II. In Series ITI the heats of vaporiza- 
tion at various pressures are given. This compilation also includes values 
of the properties of hydrocarbons as sponsored by API Research Project 44, 
and its method of presenting thermodynamic function replaces the use of 
tedious and time-consuming empirical equations. 

Horsley’s table 1® is a collection of binary and ternary azeotropes and 
non-azetropes taken largely from the literature. The table is arranged in 
two parts: (1) table of binary system, and (2) table of ternary system. 

“i The system containing inorganic compounds is listed first in alphabetical 
“ order of their empirical formula, and then organic compounds according to 
x Chemical Abstracts system in its formula index. For a given system the 
component which comes first, according to the above system, is chosen as 
the A-component, the next as B-component. 

The extensive vapour pressure tabulation of Stull °° for 1200 organic 
compounds and 300 inorganic compounds from the published literatures 
and private sources are frequently applicable in design calculation of dis- 
tillation. The compilations of properties presented by Brown, Katz, and 
co-workers 38 js- similarly useful. Part of the charts of Hougen and 
Watson’s #*® work is especially useful for estimating thermodynamic 
properties at different conditions when the actual experimental data are not 
available. 

In “ Distillation Equilibrium Data ” ®* the vapour-liquid equilibrium 
data of both binary- and multiple-component systems have been syste- 
matically compiled. In a supplement book ®* the vapour-liquid equilib- 
rium data of additional systems have been similarly compiled. With a 
total of more than 400 systems, these two books represent an exhaustive 
and critical compilation of vapour-liquid equilibrium data up to the present. 
The equilibrium data given in mol percentage are tabulated together with 
temperature in ° C and pressure in mm of Hg in the alphabetical order of 
the common name of the component, which is the most volatile in its pure 
state. The chemical formulas, as well as the common names of the com- 
ponents, are given. The original references to the data are given at the end 
of the book. A formula index is listed for the convenience of locating the 
systems in table. Two chapters were given in the supplement volume ™™ 
on “ Experimental Determination of Vapour—Liquid Equilibrium Data ” 
and “Correlation and Estimation of Vapour—Liquid Equilibrium Data.” 
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The treatment of the two subjects is well up to date and is designed to be 
of value to distillation engineers. 

“ Charts on Liquid—Vapour Constants and Fugacities ” 1®5 are based on 
the Kellogg equation of state. These graphs express the equilibrium 
constants in terms of function of temperature, pressure, and composition of 
either liquid or vapour phase. Covered are pressures graduated from 
atmospheric to 1000 p.s.i.a. for any mixture of hydrocarbons from methane 
to n-heptane including unsaturates. For higher pressure there are fugacity 
charts ranging from 1000 to 3000 p.s.i.a. Instruction for usé and sample 
calculations for dewpoints, bubble points, and flash equilibrium are included. 


“ Experimental Study of Plate Stability,” Standard Oil Development Co., 
New York. 

“Study of Bubble Phenomena and Froth Performance on Bubble Cap 
Plates,” Department of Chemical Engineering, Polytechnic Institute of 
Brooklyn, Brooklyn 2, N.Y., 1951. 

“Visual Studies of Action on Bubble Cap Trays,” F. G. Braum Co., 
Alhambra, California, 1949. 


SUBJECT MATTER 
The subject matter included may be briefly described in order as follows :— 


I. InrRopvuctTion 


1. Vapour Pressure 


The use of vapour pressure in distillation calculation is indicated. The 
use of vapour pressure nomograph 24 and the slide rule 25.25! is presented 
together with ordinary methods %:248, 255,260,359 of interpolation of vapour 
pressure data. Students are also informed of the existence of Stull’s com- 
pilation. 271, 358 

2. Heat of Vaporization 

The source of experimental data is indicated. The calculation of heat of 
vaporization from experimental P-V-T data and vapour pressure data 7° is 
discussed with its important empirical correlations. 187, 191, 228, 253, 254, 255, 
$11,323,373 Emphasis is put on the generalized correlations.!*%.228 Recent 
approach to correlation of heat of vaporization with structural formula of 
a compound by Chu, Dmytryszyn, Moder and Overbeck *! is also introduced. 


3. Heat Capacity and Heat of Solution 


The extensive use of enthalpy—concentration diagrams in the calculation . 
of binary system ”%3 warrants a discussion of the two thermodynamic 
properties which are indispensable for its construction. Various methods 
of estimation for the heat capacity of an ideal gas *-91.343,352 are presented 
with the derivation of its relation with the heat capacity of liquid.1® 

A generalized correlation °° of the effect of pressure on heat capacity of 
a gas is given along with its vigorous thermodynamic equation which can be 
employed to obtain the correct heat capacity at a different pressure if 
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experimental P-V-T ®*.°3 data are available. The evaluation of heat of 
solution from vapour pressure, electromotive force, or ether data is discussed 
160, 223, 298,307,318 and its estimation for constants in Van Laar equation is 
also indicated.”? 


II. Varpour-Liquip 


After stressing the importance of vapour-liquid equilibrium data in dis- 
tillation design, the whole subject is discussed under four topics :— 


1. General Remarks 


Phase rule and its applications to vapour-liquid equilibrium of all 
possible types of systems in distillation 15%. 105, 114, 160, 168,271. are discussed. 
Different methods of representation of the vapour-liquid equilibrium data 

are considered for multicomponent as well as binary systems. The effect 
of temperature and pressure upon relative volatility ‘12:23 are discussed, 
together with the existing correlations in estimating relative volatility. 10, 
146,230 For the complex mixtures of petroleum, the use of equilibrium 
ratio has proven to be a convenient method of representing vapour-liquid 
equilibrium data. The methods of predicting equilibrium ratio, Lewis et 

al,205,206, Brown et al,*4 and Kellogg’s Chart,®® are considered along with 
the methods of correlations,14 254 


2. Thermodynamic Treatment of Non-ideal Solutions 


After a thorough discussion of Gibbs—Duhem’s equation and its applica- 
tion to vapour-liquid equilibrium correlation, the integrated expressions 
of Gibbs-Duhem’s equation are considered under two main methods of 
treatment :-— ~ 


(1) Statistical Approach 4553, 77,248, 255, 257, 260,271,388 of Woh] 


The activity coefficient of different components in a solution can be 
evaluated from the excess free energy. The empirical equations, such as 
Van Laar, Margulus forms, ete., which have been commonly used for 
correlation of activity coefficients, represent special cases of the general 
expression for the excess free energy given by Wohl. The increasing 
complexity of a solution can be accounted for by employing higher suffix 
equations. The conversion of the general form into different well-known 
empirical equations is indicated, together with the different methods of 
determining empirical constants. The method of correlation applies to 
multiple component as well as binary systems. Illustrations are given up 
to four-suffix equations for quaternary systems. 


(2) Power Series Expansion of Redlich and Kister 

The discussion is divided under (a) systems of non-associated component 
and (b) systems of associated component. 

Important topics covered are: activity coefficient ratio correlation ; 
definition of Q and its expansion into a power series and the constant 
determination. The correlation for systems of associated component is 
limited to only binary systems. 
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The application of thermodynamic correlations for activity coefficient is 
discussed and illustrated with azeotropic prediction; heat of solution 
estimation, and the calculation of relative volatility, immiscibility, and 
distribution coefficients. 


3. High Pressure Date Correlation 


As an introduction to the correlation of vapour-liquid equilibrium under 
high pressure, critical phenomena, and retrograde condensation are exten- 
sively. treated. The understanding in the fundamental principle of 
retrograde condensation has led to the successful development of high 
pressure cyclization in recovery of crude oil from underground (‘‘ Science of 
Petroleum,” Vol. V, 1950). 

Due to the lack of data under high pressure, the existing empirical 
correlations of vapour—liquid equilibrium under high pressure 1*5,552,333 are 
less convincing and satisfactory. All existing correlations are based upon 
limited amount of experimental data of hydrocarbons. The basis of 
correlation as well as the limitation in application is discussed. 

A recent paper of Othmer et al.25° proposed a new method of representing 
and predicting vapour-liquid equilibrium data both at constant pressure 
and temperature. For all binary systems, both ideal and non-ideal, the 
data can be correlated by three straight lines of a log-log paper by plotting 
mol fraction ratio in liquid vs mol fraction ratio in vapour. The method 
is analysed from the thermodynamic point of view. 


4. Experimental Methods of Determination 


The accurate determination of experimental vapour-liquid equilibrium 
data is important. A small error in the equilibrium data could magnify 
in the error in the number of theoretical plates, especially when the column 
is operated at low reflux ratio. 

The existing equilibrium stills 54 12°. 25.263 can be classified according to 
the pressure range to be applied **—moderate pressure, high vacuum, and 
high pressure. For each pressure range the equilibrium stills are described 
for both completely and partially miscible liquids. The Othmer still 75°26 
is the most popular one which can be applied to any pressure range for any 
type of the mixture. 

In selecting an equilibrium still for his need, a chemical engineer considers 
the following factors :— 


1. Time required for data collection. 
2. Cosi of still. 

3. Volume of liquid samples required. 
4. Accuracy to be desired. 

5. Pressure range. 


The exact evaluation is extensively discussed with reference to the 
existing still, and the conclusions are summarized in a table for the ready 
reference.*4 
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5. Nomograph and Slide Rule 
The following are available :— 


Activity Coefficient Correction Factor Nomograph of Scheibel.5°5 

Vapour-Liquid Equilibrium in Hydrocarbon Systems of Hadden.15 

Nomographs for Vapour-—Liquid Equilibrium Calculations of 
Poettmann et al.275 

Nomograph for Vapour—Liquid Equilibrium Date of Systems with 
Constant Relative Volatility of Chu et al.6? 

Nomograph for Van Laar Equations of Chu e¢ al.®® 


A slide rule used for reading vapour-liquid equilibrium data of a binary 
system of constant relative volatility was developed by Chu et al.68 The 
same slide rule can also be used to calculate the number of theoretical plates 
under total reflux for both multicomponent and binary systems. 


Somete Distm.ation, PartrAL CONDENSATION, AND STEAM 
DISTILLATION 


1. Simple Distillation 


Simple batch distillation and equilibrium distillation with especial 
il emphasis on dew point and bubble point calculation for both ideal and non- 
_~ ideal systems are discussed. Bubb’s 4.254357 analogue computer and punch 
card system,®*5.295.295¢ which are designed to save time in calculation of 
vapour-liquid equilibrium, are introduced with nomographs 27° for flash 
vaporization. An improved empirical method 1,243,331 of predicting the 
equilibrium flash-vaporization curves of petroleum fractions at various 
pressure is discussed. 


2. Partial Condensation 


The fundamentals involved in finding the composition of a liquid from 
the partial condensation of a mixture containing benzene and toluene, and 
also a vapour mixture of benzene, toluene, and water, are thoroughly — 
discussed with the aid of the phase rule. The use of Rayleigh’s equation 
for partial condensation as well as simple batch distillation is also indicated. 


3. Steam Distillation 


Fundamental principles involved are discussed along with two types 
of steam distillation in both simple and continuous distillation. The 
recent work done by Thormann **° and by Schoor!l #44315 is cited. The 
application of steam in laboratory has long been recognized. Azeotropic 
and extractive distillation with water as an entrainer or solvent can be 
considered as the application of steam distillation in industry.*?:°° Other 
applications are purification of sulphonated products,’ fatty acid, and | 
recovery of chlorinated hydrocarbons.?5.38 
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IV. Mernop or CaLcunaTION IN A Continuous PLatE CoLUMN 


1. Binary System 
Discussion is made under two topics :— 


A. Constant Molal Overflow 


(a) Graphical Method. Among topics stressed here are a review of the 
McCabe-Thiele method, including the universal assumptions, equation of 
the operating line for two or more than two feeds, including stripping column 
with open steam, thermal state of the feed, minimum and total reflux ratio 
and pseudo molecular weight.** The advantages and limitation of the 
method are pointed out. The use of a log-log plot in dilute solution is 
illustrated by a problem of butane dehydration."® 

(b) Analytical Methods. With the assumption of constant relative 
volatility throughout the column, analytical expressions for the number of 
theoretical plates have been derived by Smoker,**-337 Underwood,*® and 
Stoppel,*48 using analytical geometry ; by Amundson,” who uses metrics ; by 
Tiller and Tour,*! who employ equation of finite difference at finite reflux 
ratio; and by Fenske ! and Underwood *® for total reflux. The recent 
method of employing a fictitious equilibrium line *4 1° is introduced and 
discussed with reservation.5! 5% For a very dilute solution the equations 
derived by Thomson and Beatty,*5* and by Suen,**4 based on the assump- 
tion of linear equilibrium curve are convenient to use. 


B. Variable Molal Overflow 


Ponchon-Savarait method 2: 1%.379,381__the use of enthalpy—concentra- 
tion diagram in the distillation calculation of binary system—is thoroughly 
discussed. The important items included are :— 


(a) Construction of an enthalpy-concentration diagram for a binary 
mixture from data on physical properties. 

(6) The derivation of the equations of the operating lines and their 
location on the diagram. 

(c) The finding of the minimum reflux ratio and the relation between 
difference points and reflux ratio, composition, and thermal condition 
of the feed. 

(d) The zigzag construction for the number of theoretical plates. 

(e) A careful study of conditions where the use of charts is desirable. 

(f) The illustration of flexibility of the method in solving special 
problems, such as open steam, two feed or multifeed column, side 
stream, entrainment, Murphree plate efficiency, and low temperature 


The non-adiabatic distillation calculation 445 is briefly discussed. 


2. Multicomponent System 


A method of calculation for a ternary system is first discussed as an 
introduction to the multicomponent system. The graphical method by 
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Bonilla ** and by Corn,™ as well as analytical method by Underwood,3*7 
are discussed. A multicomponent system is treated in four steps :— 


(a) minimum reflux ratio ; 

(b) rigorous calculation of the number of theoretical plates ; 
(c) short-cut method ; 

(d) the most simplified methods. 


(a) Minimum Reflux Ratio 

It is desirable to compute the minimum reflux ratio before deciding upon 
the optimum reflux ratio to be used in fractionation. Three methods for 
calculating minimum reflux ratios are presented. The first method is 
simple and rigorous for a restricted class of separations. The second 
is completely general, and can take care of variable molal overflow and 
variable volatility ratios. It has no restrictions as to the type of separation. 
Although too laborious for plant design work, it is recommended as a tool in 
distillation research. The third method is an exact one for systems of 
constant relative volatility under constant molal overflow proposed by 
Underwood.*7.368 An extension of this method * covers some column 
design problems for which the presumptions are not even valid. 

Collateral reading suggested includes the papers of Colburn,’® Gilliland,'*1 
Mayfield and May,” Bailey and 7 and Scheibel and 
Montross.5°8 


(b) Rigorous Method 204, 207, 208, 218, 266, 287, 326 


The rigorous treatment involves plate-to-plate calculation by means of 
material, and enthalpy balance in conjunction with vapour-liquid 
equilibrium relationship. In case the constant molal overflow holds, 
the material balance and equilibrium data are required for a rigorous 
calculation.24207,208 Jf a constant relative volatility can be further 
assumed, Underwood’s method °° is the best solution for multicomponent 
system. The solution of Underwood’s equation can be sped up by the use 
of Scheibel’s charts.5°1 

For a general case, if the calculation is made from both ends of a column 
towards the feed plate, some components will be absent from each set of 
calculations, Underwood’s method,**. 368 which is similar to Harbert’s,)™ is 
preferred to several other methods of matching compositions at the feed 
plate. Hummel’s method,!7* which involves two or three successive 
approximations of the temperature gradient to get a satisfactory check, is 
suited for predicting the performance of an existing tower and will be of 
greatest value where the usual plate-to-plate calculations are otherwise 
required, especially when there are a number of distributed components. 
Other references suggested are 7: 178,238,304. 


(c) “ Short-cut ” Methods 


“ Short-cut ” methods involve the empirical assumption. Components 
heavier than heavy key are assumed to be at their constant composition 
values in the stripping section (pinch-i in region); components lighter than 
the light key are estimated similarly in the enriching section. The ratio of 
the key components is usually calculated from the equation for the inter- 
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section of the operating lines. This is the so-called Underwood’s method.3* 
Hengstebeck 154 developed a graphical method similar to that of McCabe— 
Thiele for binary systems to solve multicomponent distillation problems 
quickly. The multicomponent system is reduced to an effective binary one 
by the use of certain approximations. It is applicable to both sloppy and 
sharp separation where no intermediate components between the key 
components are involved. 

Other rapid methods are the absorption and stripping factor method,**+** 
37, 50, 102,385 the modified relative volatility method of Underwood,**? and 
Gilliland, the graphical method of Harbert,!5! the method of a@ single 
operating line by Karnotsky,'* of a modified binary equilibrium curve by 
Bailey and Coates,’ and of a two-component equilibrium curve by Jenny 
and Cicalese.1”® 


(d) The Most Simplified Method 

The most convenient of all approximation methods is the use of empirical 
curves based on minimum reflux and minimum plates, first introduced by 
Brown and Martin **.152 and improved by Gilliland,’*? who presented a 
curve to estimate the number of theoretical plates from the reflux ratio, 
minimum reflux ratio, and minimum number of plates. The optimum feed 
plate is then located by the method of Scheibel 391,303,304 

The wartime experience with mechanical and electronic computers has 
led the way for several groups of investigators who have approached the 
distillation problem using digital punch card machines *44,294,295¢ and 
analogue computers.!*44 Rose et al.*°4.295¢ have performed various calcula- 
tions on electronic punched-card operated equipment including continuous 
binary and ternary distillation at constant relative volatility. Their 
discussions have been extended to the more complex problems of non- 
ideality. Opler and Heitz ** have described a machine method of calculat- 
ing six-component distilling columns making certain simplifying assumptions. 
Goetz and Calvert have developed an analogue computer for calculating 
plate composition in a six-component continuous distillation column with 
enthalpy balance. 


V. DEsIGN AND PERFORMANCE OF A ConTINUOUS PLATE CoLUMN 


As the bubble plate column is the predominating one used in industries, 
the discussion limits to the same. 

The primary aim in the design of a bubble cap column is to maintain the 
proper economic balance between capital and operating cost. It is compli- 
cated by the presence of interrelated variables, such as tower diameter, plate 
spacing, plate efficiency, and plate layout. Two design methods have been 
developed :— 


(1) A short cut method for the cost estimate. 
(2) A regular method for the final design of bubble cap columns. 


The detailed design method is discussed under two main topics : 
mechanical details of the tray and calculation of tray performance. The 
discussion of mechanical details involves §7:%, 107,282,372,377  foyndation, 
thermal expansion, tray hold-down, tower roundness, tray level, tray beams, 
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support rings, weep holes, leakage, accessibility, inlet arrangements, 
draw-off arrangements, buffer tray, and standardization. As to calculation 
of tray performance, the following items are discussed :— 


1. Relation between Tower Diameter and Entrainment 


The Carey equation “ is frequently used to calculate column diameter for 
minimum entrainment. Because of foaming, correction factor is neeessary 
for hydrocarbon absorbers.?*7:316 Souders and Brown’s *? correlation for 
vapour entrainment, which is conservative for non-foaming liquids, is also 
discussed. It might be important to point out the marked difference 
in correlations by different investigators. The effect of surface tension,* 
slot openings, and cap spacing on entrainment is indicated. With the aid 
of an alignment chart, Bolles ** has developed a rapid method of estimating 
tower diameter and tray spacing to ensure the absence of flooding and 
excessive entrainment. 


2. Preliminary Calculation for Tentative Plate Layout 


The object is to determine the approximate tower diameter through the 
calculation of “active plate area” and segmental downcomer area, the 
calculation of which requires a knowledge of vapour rate through a simple 
slot, which is calculated by Rogers and Thiele’s equation.2®* The ratio of 
weir length to tower diameter is recommended in the range of 0-6 to 0-8. 
The formula used in calculating the head over the weir for the maximum 
wa liquid flow is discussed. 


3. Tentative Plate Layout 


Using the preliminary estimates of tower diameter, type and number 
of caps, cap spacing, and weir length, a plate layout can be made to scale.. 
Bolles’ 3 work is a good reference in securing the information concerning 
bubble cap design, bubble cap spacing, segmental downcomer design, 
circular downcomer design, and plate design for high liquid flows. 


4. Hydraulic Gradient 8°. 87, 136, 186 

The liquid gradient, the required head of liquid for its flow across the 
plate, is used to estimate tower stability. Davies’ method ** 87 is recom- 
mended for the liquid gradient calculation. The method of Good, 
Hutchinson, and Rousseau,?** which is of limited applicability, may be used 
for calculation for a special case of 3-inch caps spaced on 4~-4}-inch 
equilateral triangular centres. 

The results of recent research on liquid gradient by Klein (M.J.7'. Sc.D. 
Thesis, 1950) are reviewed. 


5. Pressure Drop through Bubble Caps 
As liquid gradient, the pressure drop through the caps is used in estimating 
plate stability. To date, there are four methods available for pressure 
drop calculation through a bubble plate 58.186; ¢.e,, Rogers and Thieles’ ,5® 71, 
288 Kirkbride,>8:189 Dauphine,®® and Eld.58 
The four methods are critically reviewed and compared. Although 
empirical, Dauphine’s method results from the correlation of extensive data 
from numerous experiments. The breakdown of total pressure drop of a 
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dry bubble cap into components; i.e., uptake, reversal, and slot pressure 
drop is probably a more sound approach to the problem. It is recom- 
mended that Dauphine’s method be used in evaluating pressure drop 
trough a bubble plate column. 


6. Plate Stability 136.186 


The use of large diameter column during the war brought forward the 
critical problem of plate stability. Its criterion 4° is the vapour-—liquid 
distribution ratio. As to its determination, the work of Good et al.,}3* 
Bolles,? Gardner,’ and Herrington et al.155 is recommended. 


7. Plate Efficiency 


Plate efficiency, the conversion factor from theoretical plates to actual - 
ones, can be either calculated or experimentally determined. For the 
method of calculation, Chu et al. developed two methods.55 57,5960 The 
first method, which is more rigorous, deals with the correlation of local 
Murphree plate efficiency. The factors affecting plate efficiency are time 
of contact between liquid and vapour, mass transfer coefficient, and the 
surface area of contact per unit volume.!26 The various equations relating 
mechanical features and physical properties to the factors are derived and 
explained. Local ‘Murphee plate efficiency can be converted into Murphree 
plate efficiency.®5 5%, 60,210,271 The plate-to-plate calculation for theoretical 
plates can be slightly modified to evaluate the actual number of plates if 
Murphee plate efficiency for each plate is known. This modification is also 
possible in the graphical solutions such as McCabe-Thiele’s and Ponchon’s 
methods. An approximate and more rapid computation of actual number 
of plates is to use Murphee plate efficiency for a plate representing average 
conditions of all plates in a column or in each section of the latter. Calculate 
overall plate efficiency from Murphree plate efficiency. The number of 
theoretical plates divided by overall plate efficiency gives the actual number 
of plates. 

The second method correlates the overall plate efficiency of fractionating 
columns with molal ratio of liquid to vapour flow, effective submergence, 
relative volatility of key components, and viscosity of the feed. A separate 
equation is presented for gas absorbers. Although more empirical, the 
second method represents convenient routes to compute the actual number 
of plates. 

Other references to the plate efficiency 541,55, 78,96, 127, 128, 129, 142, 164, 203, 209, 
267,278, 316,327,383 were reported in the literature. A new principle has been 
introduced by the development of the cascade-type tray,171,4% which can 
eliminate excessive liquid gradient and materially increase the capacity of 
distilling columns. 

8. Final Design 21,71, 153, 247,262 

It includes the calculation of pressure drop through tower and final plate 
spacing. The tower design has been fixed by a series of trial-and-error 
procedure discussed. It is recommended that a summary of final design 
be made to student at this time. 

A brief discussion of the performance of Sieve plate column is made if 
time permits. 
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VI. Batrou REcriricatTion 


This important subject is inadequately treated in the usual text. After 
the treatment of character and limitation of a batch still,245 distillation 
under constant reflux ratio is first discussed. The points stressed are the 
method of calculating plots of instantaneous product, composition versus 
percentage of the original charge distilled, heat requirements in batch dis- 
tillation, and transient calculations. Batch distillation curves are treated 
by Smoker and Rose **! and by Colburn and Stearns ™ at total reflux; 
by Rose et al. for negligible column hold-up, and by Rose et al.2%,294 
and by Colburn and Stearns ”* with hold-up. 

The taking over of a fraction of constant composition is usually at varying 
reflux ratio, especially if a controller is used on the column. Edgeworth- 
Johnstone 1°! developed an analytical expression to calculate the yield 
fraction under total reflux and a stepwise method at finite reflux ratio, with 
and without column hold-up. The tedious plate-to-plate calculation of 
yield fraction at finite reflux ratio can be greatly simplified by the analytical 
expressions developed by Chu °%:54 for both binary and multicomponent 
systems, with and without column hold-up. The calculation of heat 
requirements for this step results in an interesting calculus problem worked 
out by Bogart *! for the general case. An important problem in the batch 
rectification of closely boiling materials is the estimate of time required 
for a column to approach equilibrium. This problem can be tackled by the 
work of Huffman and Urey,!” by Bartky and Dempster,® and by Berg and 
James,'* together with a sound mathematical analysis made by Marshall 
and Pigford.??1 


VI. PackED, SPRAY, AND WETTED WaLL CoLUMN 


The treatment starts out with theory of the performance of packed 
rectifying columns contributed by Bowmann and Briant.?® The fundamen- 
tal differences between packed and bubble plate column are discussed, and 
the differential material balance equations for the former are derived. With 
the assumption that the interphase transfer rate of a component is to be 
proportional to the amount of that component which would have to be 
transferred from one phase to the other to bring the phase into equilibrium, 
the material balance equations are integrated to yield equations of per- 
formance for special cases. The classical work of Chilton and Colburn © 
and of Colburn 75271 are presented with actual data on H.T.U. in the 
literature which probably needs critical examination and further experi- 
mental work. The dependence of H.T.U. upon the operating characteristics 
and the physical properties of the mixtures has been examined and corre- 
lated for a system of toluene-methyl cyclohexane by Storrow and Willson.> 
The effect of vapour composition on H.T.U.,* pressure drop and flooding 
in packed columns need to be discussed. The effect of the Weber packing 
method upon the distribution of liquid ?® and increase of efficiency by 
increasing column diameter or by varying packing density }® in a packed 
column seems to be of enough interest to be included. A complete survey 
of different packings * with their available data %%1*%.22 performance 
should be presented with emphasis on new packings, as McMahon 115,117,227 
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helical 3 and Cannon packing 321 as well as multi-tubular packed 
columns.3%9 

Recently the performance characteristic for a new type of industrial 
packing with both higher capacity and improved efficiency was reported 52? 
This packing is fabricated to form corrugated trays of multilayer, expanded 
metal lath. These trays are assembled to bring the ridges and valleys of 
adjacent trays into contact. Commercial applications are reported for 
towers up to 4 feet in diameter. Savings reflecting up to a sixfold reduction 
in tower size may be realized in the principal cost items such as vessels, 
structural steel, foundations, insulations, transportation, erection charges, 
etc. 

The critical liquid rate, above which the apparent mass transfer co- 
efficient based on total packing surface becomes constant, is termed 
“Minimum Effective Liquid Rate.” This appears to correspond to the 
lowest rate at which the packing is completely wetted (Pratt, R. C., “ The 
Performance of Packed Absorption and Distillation Columns... . ,’ 
Preprint, Institution of Chemical Engineers, April 1951). In general, the 
M.E.L.R. is seldom reached. A factor is introduced in calculating mass 
transfer coefficient in gas film to correct for the incomplete wetting. The 
limiting velocity *1*.328 and limiting capacity of dumped tower packings 216 
are important considerations in design and operation of packed columns. 
Effect of vacuum on the efficiency in a packed column is still in dispute.554 
More practical aspects in the design of packed columns, particularly on the 
commercial scale, have been well discussed by G. J. Williamson (“‘ Features 
in the Design of Packed Towers,” Preprint, Institution of Chemical 
Engineers, April 1951). 

A brief discussion of spray column,”*.27,2%6 jet distillation column, and 
wetted wall column 176, 180,355,356,375 indicating their field of application is 
presented. 


VIII. AND ExTRAcTIvVE DISTILLATION 


The discussion of this interesting topic is started with a descriptive 
treatment of azeotropic distillation with reference to papers of Othmer,™45. 
246, 249, 258,264 Colburn and Phillips,”® Benedict and Rubin,!2 and Woerner.387 
The following items are then discussed in order :— 


(1) Selection of Solvents 

This topic is discussed in a number of references.'4 9.110 The critical 
consideration is the relative volatility of the components after the addition 
of the solvent. The choice of solvents boils down to the prediction of 
activity coefficients,?7 for which purpose the work of Ewell e¢ al.,!® of 
Francis,!*1 and of Scheibel * will be useful. 


(2) Solvent Composition 
In extractive distillation, the relation between temperature and composi- 
tion of the solvent as the latter flows down the column is discussed and 
illustrated by a paraffin-toluene separation with phenol-cresol as the 
solvent 97: and C, hydrocarbon separation with furfural.*! 149 
The similar discussion in azeotropic distillation is presented and illustrated 
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by a test on 1-butene—butadiene-ammonia system.*** The main difference 
between the two types of distillation is pointed out.”® 249 


(3) Reflua Ratio 

Inasmuch as the solvent concentration is quite closely set, the determina- 
tion of minimum reflux ratio is much simpler than for usual multicomponent 
mixtures. The simplified equations are then presented at different feed 
conditions, together with relations for reflux ratio in terms of heat quantities. 


(4) Number of Theoretical Plates 


Usual methods of calculation for multicomponent mixtures can be 
applied.1®. 241,334 The use of Gilliland’s method 1 is illustrated by an 
example given by Happel !*® and the application of Hengstebeck’s method 
by Drickamer and Hummel ®’ in predicting the number of theoretical 
plates in their toluene separation. Recently, Atkins and Beyer ° applied the 
McCabe-Thiele method to an extractive distillation calculation. A dis- 
cussion of heat effects in extractive distillation with a fairly complete 
design example is given by Woodfield.?7 


(5) Other 


In addition to the usual problems of determining the desirable operating 
reflux and the required number of theoretical plates, there is introduced 
the new problem of the rate of solvent circulation. The basis of choosing 
solvent rate is discussed. Extractive distillation and liquid-liquid 
extraction are ‘alternative choices. Their comparison has been recently 
made by Benedict:14 Correlations of azeotrope data by Othmer et al.,2® 
Skolnik,®° Meissner and Greenfield,*” Licht and Denzler,?!* Nutting and 
Horsley,” and Horsley 1° are briefly discussed. Practical application of 
azeotropic and extractive distillation are illustrated by the production of 
pure toluene and xylene from straight-run gasoline,!®’:%8 purification of 
acetic acid,?! azeotropic separation of amylenes by methylol,?* azeotropic 
distillation of toluene with propionic acid, and the separation of C, 
hydrocarbons with furfural.‘ 
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IX. CoMMERCIAL DISTILLING CoLUMNS, THEIR ACCESSORIES AND 
Layout 


Without presentation of descriptive matter, students of practical mind 
feel dissatisfied and fail to appreciate the previous discussion in connexion 
with the design of a distilling column. Three types of column are described, 
bubble plate, sieve plate, and packed columns with special emphasis on 
bubble plate column. Bubble caps from different manufacturers are shown 
to the students, who are also given important features of the former and 
their choice in the light of column design previously discussed.116 118 

The accessories of a distilling column, suchas heat exchangers, condensers, 
accumulators, feed tanks, heat pumps for vapour recompression, stills for 
different purpose refrigeration systems in the case of low-temperature distilla- 
tion, and compression system in pressure distillation are described with the 
aid of pictures in manufacturer’s catalogues. Finally, the layout of a bubble- 
plate, connexion of overflow pipes, the use of cascade-type tray, hook-up of 
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reflux condenser, layout of both batch distilling and continuous columns 
with their accessories involving the multistage “ and multi-effect “ arrange- 
ments, are discussed. 

It should be pointed out that the materials under this topic come from 
manufacturers’ catalogues and patent literature,* 7 5 89, 193, 202, 247,265,311, 
847,370 especially those of the United States and Germany, as well as publica- 
tions of the professional societies.1*4 21,291,296 


X. OPERATING TECHNIQUE AND INSTRUMENTATION OF DISTILLING 
CoLUMNS 


1. Operating Technique 


The fractionation of hydrocarbon mixtures in standard bubble-cap 
plate towers is discussed in a manner designed to emphasize the capacity 
and efficiency factors for existing Operating pro- 
cedures are discussed under heat-load, rate composition, point of entry, 
heat content of the feed, operating pressure, towers in parallel, absorption 
system. The normal troubles in reboiler due to vapour binding, surging, 
and pressure drop and their solution are discussed. The discussion of 
operating changes both inside and outside the column, including taking side 
cuts, rearranging order of fractionation, by-passing vapours around towers, 
feed conditions, level trays, and cap, and uptake layout, are also described. 

The fractionating technique ** of a new system, depending upon Koch 
Cascade Tray, is presented. An engineering investigation 7! of a specific 
tower, covering the development of improved performance, is included as an 
interesting illustration. 


2. Column Control 


A good part of the improvement in modern fractionation technique can 
be properly credited to the development of automatic process control 
methods and equipment. The problems of instrument application and 
selection, which is well discussed by Krieg 1®* of Socony-Vacuum Oil Co., 
are more variable than the types of distillation equipment arrangement and 
operating conditions. The overall problems involving pressure control, 
composition, and material balance control for both continuous and batch 
type operations are outlined and followed by a thorough discussion on proper 
selection and application of instruments in pressure, temperature, liquid 
level, flow control. 

Close fractionation control,®® which has been developed recently for 
controlling narrow boiling range column, is described, with the indication 
that the method is satisfactory for binary columns and somewhat limited 
for multicomponent mixture. Description and a working diagram are 
given for an automatic take-off for a fractionating column.® As references, 
the work of Krieg,!®* Tivy,*** McClatchey,”*5 Boyd, 3° and others,14% 161, 222, 
277,364 is cited. 
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XI. LaBoratory AND MOLECULAR DISTILLATION 


The distilling column is used in the laboratory for the purpose of both 
analysis and separation. 


Distillations. A brief presentation is given of the principle 
involved in laboratory distillation work, supplemented with definitions of 
the more common terms and a general description of both conventional and — 
new laboratory distillation units.117,46,48,90, 175, 269,272,283 Descriptions 
include column assembly, construction, performance, testing method for 
evaluation, 135, 185, 289,384 operating characteristics, equilibrium attain- 
ment, controlling features, especially of maintaining adiabatic condition 
and reflux ratio,§!:283 and individual field of application. Special emphasis 
is given to Ewell,’ concentric tube fractionating ;1%385 Stedmen, hypercal ; 
and Oldershaw, glass bubble *! plate column. A modified spinning band 
column of Lesesne and Lochte 18! is described, along with the column of high 
efficiency ! used in the work of API Research Project 6. Micro- and semi- 
micro-fractionation 158, 175,233,236 are also discussed, with emphasis on the 
construction of such a column. The recent paper of Stage *4° and classical 
work of Fenske 18 are excellent references, in addition to those listed under 
the “‘ Guide to the Literature.” 

Vacuum and Molecular Distillation. The use of vacuum distillation in 
the petroleum refining 1®1®5 and chemical industries is discussed with a 
brief review of the development of present-day commercial unit. The 
major elements of a vacuum distillation unit are separately covered in 
considerable detail to indicate the most successful methods of solving the 
problems encountered in designing equipment. 

The evolution of the molecular still and the high vacuum equipment is 
briefly traced and followed by a thorough discussion of relative still per- 
formance,**: 112,157 such as fractionation, rate of distillation, project vs 
equilibrium distillation, partial condensation, and thermal balance in the 
molecular still. The design and selection of vacuum distillation equipment 
have been well discussed.1*.2 Contributory and elimination curve tech- 
nique are presented, together with the application of molecular distillation 
in scales from semi-micro size to a capacity of 250 gallons per hour.15® 157, 158 
Enhanced separation obtained by such alternatives as partial redistillation 
within a single still,° and with feedback in multiple still assemblies 157.204 
are illustrated with their cost data. To wind up the discussion, a new self- 
evacuating centrifugal high vacuum still recently introduced by Hobbie !® 
is described. A review of the basic principles and still types was made by 
Jacobs 177 and by Hickman.156, 157, 158, 159 


XI. Sprctat Topics 


Under this heading are covered low temperature, !® 20.27, 64, 87, 111, 217,272, 346 
pressure, metal,’ and destructive distillations,?51, 253, 261, 268 separation of 
isotopes, sublimation, application of supersonics in distillation,1®: 226 and the 
use of radiant energy ?®.312 in separating compounds of close boiling points, 
studies of super fractionation,®” and simultaneous chemical reaction and 
fractionation.147711_ Some of these topics represent recent development 
and current interest, and their discussion may cultivate students’ research 
interest towards distillation. 
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GEOPHYSICAL SURVEYS ON THE BAHAMA 
BANKS 


By C. 8S. 


SuMMARY 


per reviews the geophysical methods employed in the great areas 
of pn ow water on the Bahama Banks. Previous geophysical and geo- 
logical work throughout the region is reviewed, discussed, and related to the 
most up-to-date work in Abaco, Eleuthera, and Ragged Island. Asa result of 
this revision, explanations of structural build up and processes of sedimenta- 
tion are advanced which differ considerably from explanations advanced by 
vious students of the area. Emphasis is laid on the difference in the 
oundations of the first line of islands which have striking similarities of 
structure, shape, and gravity effects and the second and third line of small 
cays. In addition to the gravity work, the evidence of bathymetric studies 
pas general physiography is brought "forward in support of the author’s 
ggestion. Th he paper is a field work preliminary to analytical studies 
wih have been oar rll in the laboratory at Cambridge University by 
L. V. Illing on samples of sediments laid down on the Banks. 


INTRODUCTION 


Tue Bahama Banks (Fig. 1) sprang into prominence when the interest in 
its oil prospects was aroused by the discovery of oil in Florida; it was also 
part of a general project of investigating oil prospects in the Caribbean, and 
was related to oil showings in Cuba. 

In 1945 several major companies applied for concessions, and ultimately 
they were granted to local representatives of Anglo-Iranian, Shell, Gulf, 
Superior, Standard, and the Central Mining Investment Corporation. A 
vast programme of geophysical work was undertaken over 80,000 square 
miles, costing many millions of dollars. Geophysical methods included 
gravity work, magnetometer work, and a relatively small amount of 
seismograph work. In each of these branches of geophysical work, entirely 
new methods had to be pioneered. In the case of the gravity work in 
submarine areas, diving-bells and tripods were used. In the case of mag- 


*netometer work, specially designed airborne and waterborne magnetometers 


were used, and in the case of the seismic work special techniques had to be 
developed for shooting in waters of all depths, down to 30 feet. During 
the course of these investigations the shape, the outline, and the physical 
features generally of the Bahama Islands came in for close scrutiny. The 
contracting geophysical parties were primarily concerned in the production 
of observed gravimeter, magnetometer, or seismic stations, and the fullest 
credit for developing techniques applicable to the areas must be given to 
them; but they had not the time to study the morphological conditions and 
geological implications of the terrain over which their observations were 
made. 

This paper is intended to record the methods used by British Bahamian 
Oil Development Ltd., and its contractors, to make the geophysical 
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observations, and to relate the results to such geological and topographical 
features as are apparent. 


REFERENCE MAP 
BAHAMA BANKS 


SCALE IN NAUTICAL MILES 


Fia. 1 


It is also intended as a field work preliminary to analytical laboratory 
studies conducted by L. V. Illing at Cambridge University on many 
samples taken from the Bahama Banks. 
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METHODS ADOPTED FOR THE GRAvity Survey or B.B.O.D. 
CONCESSIONS 


Horizontal Control 


The gravity survey of the land areas of the concessions calls for no special 
description. Wherever possible road transportation was used and the 
stations surveyed by standard methods of compass and stadia. It was 
found easier in areas where long uninhabited narrow strips of land were to 
be covered to use a boat and go ashore with the meter for each observation. 
Where large tracts of forested lands were encountered in Abaco, it was 
necessary to cut lines through the pine forest, establish camps, and do the 
survey on foot. The terrain consisted of jagged pinnacle limestone, which 
retarded progress and made the work very laborious. It was found that 
two surveyors were required to keep pace with the observations of one meter 
man. 

For the shallow marine areas, Mr Woodard of the Universal Exploration 
Company pioneered a technique for towing tripods behind ships. The 
tripods were of a rigid construction, and on one side carried a plate or vane 
upon which the whole tripod planed when towed behind a boat. 

In the areas of shallow water, land-locked lakes, and swamps on the 
western side of Abaco, boats propelled by air screws and an amphibious 
DUKW were used. Maintenance problems on these units were severe. 

Several methods for carrying the horizontal control of observations over 
large expanses of water were tried, but the final technique which was 
perfected on the Banks of Eleuthera proved to be economical and speedy. 
Three tripods with three transit men were employed to carry a continuous 
triangulation out from a base line established on the shore; each of these 
transit men turned angles to the positions of the other two tripods, as they 
were leap-frogged ahead, one at a time. (In conducting a seismic survey a 
year later the system was modified with considerable success; instead of 
three tripods, three launches equipped with two-way radios were used. 
Each of these carried a sextant observer, and the three angles of the triangle 
were observed, reported to one boat by the radios, added, and checked. 
No boat moved until the three angles added to within 5 minutes of 
180 degrees.) The average distance between these triangulation points was 
from 4 to 6 miles. From these established points the meter tripod with its 
boat described squares between and around the fixed triangulation points. 
The meter tripod was set down every $ mile and the meter reading taken. 
Each of these }-mile positions were intersected from the three fixed trigono- 
metrical points. The co-ordinates of the trigonometrical points were 
calculated accurately, and loops were run to tie in with previous surveys, 
but the positions of the meter observation points were intersected from the 
trigonometrical points graphically. It was found possible to un as many 
as five stations an hour in this way, and in the best month a total of 376 
stations were observed. The whole triangulation was tied in the first 
place to astronomical fixes located as far as possible near the centre of the 
Banks. It was found that astronomic observations taken on the outer rims 
of the islands, close to the edge of the ocean, gave results which did not tie 
with the geodetic work by a considerable amount (as much as 0-6 mile). 
The reason for this is that the large masses of the Banks abutting to the steep- 
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sided edge of the ocean gave rise to considerable deflection of the plum-bob. 
At one time it had been proposed to control the whole map by astronomical 
fixes, and many of these were taken on the cays, but it was found impossible 
to make astronomic observations on tripods set in the water even on the 
calmest days, due to the very small tripod vibrations set up by wind or 
current, or the observer himself. A 2}-ton tripod was constructed for meter 
observations, but even this was not sufficiently stable for the astrolabe. 

In the southern concession, where the water was deeper, a diving-bell 
was used, and horizontal control was maintained by radar. After establish- 
ing a shore-line triangulation, a square pattern of targets was set out extend- 
ing from the shore; the targets were placed between 4 and 5 miles apart, 
and the ship, carrying the diving-bell and the radar, was run in square 
patterns between these target points. At each observation point, the 
radar took ranges to the targets, and the position of the boat was 
immediately plotted graphically on a polyconic projection to a scale of 
l-inch to the mile. Observations were taken down to depths of 96 feet of 
water, but normal depths ranged down to 30 feet. Under these latter 
conditions it was possible to do as many as fifty observations per day at 
intervals of 1 mile. Due to the adverse weather conditions encountered on 
the exposed areas near Ragged Island, the best month’s work amounted to 
326 stations. |The absence of any outlying cays and islands on the western 
side of the Ragged Island group left this work untied, although it was based 
, on an original astronomic fix near Duncan Town at Ragged Island. The 

a accuracy of this survey was checked at the end of the expedition by re- 
setting a complete set of targets from east to west out of Ragged Island, 
and re-plotting the position of two or three points which had been left at 
the end of the.survey on the western side. Remarkably good coincidence 
of both the horizontal control and the gravity work was achieved. 


Requirements of the Survey — 
A marine gravity party should consist of seven technicians :— 


Party chief; 

Two computer surveyors ; 
Meter man; 

Assistant meter man; 
Diver (or rodman) ; 
Radar man. 


but according to the nature of the work there must be some flexibility in 
the make-up of the party; for any future expeditions it is as well to reckon 
with seven technicians. For the marine work in the Bahamas two distinct 
organizations were necessary ; one for tripod work, the other for diving-bell 
work. In both cases the total number of men employed, in addition to the 
technicians, was approximately forty, including ships’ captains, engineers, 
crews, cooks, launch men, anchor men, and labourers. The total number 
of ships in each case was roughly the same; the only variation lay in the 
type and size of the speed boats and launches. 


(1) One headquarters ship (83 or 104 feet long) ; 
(2) Two cargo or lighter boats (50 or 60 feet long) ; 
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(3) One speed boat (26 feet long) ; 
(4) Two launches (28 feet long) ; 
(5) Three skiffs ; 

(6) Three outboard motors. 


Headquarters Ship.—Although a large area was covered with the 83-foot 
R.A.F. rescue boat powered by two 650-h.p. high test gasoline engines, 
this type of boat cannot be unreservedly recommended for future work. 
The 104-foot rescue boat, powered by three 220-h.p. marine diesel engines, 
was a much more suitable craft; it had more accommodation space, more 
beam, and more deck space; the cost of diesel fuel was about one-quarter the 
cost of the special gasoline, and the transportation problem was reduced 
because less fuel was required. 

Cargo or Lighter Boats.—For tripod work double-ended boats and dual 
sets of controls are recommended, one set of controls in the pilot house, and 
the other on an after platform. The double end and additional set of 
controls are essential for ease of backing up to the tripod when setting it 
down, and when picking it up. 

Speed Boats.—For this work it was found that a 26-foot plywood launch, 
powered by a six-cylinder gasoline marine engine was a most successful 
boat. In the case of a diving-bell party, two of these and one of the heavier 
type launches referred to in the subsequent paragraph would be the ideal 
organization. 

Launches.—The type of launch used for this work was generally obtained 
from Spanish Wells, Eleuthera. They are constructed of Abaco pine, 
sturdily built, and intended for either freight or fishing in Bahamian waters. 
Usually they are powered by a heavy duty 40-h.p. gasoline engine and will 
make 8 knots. These are good weather boats, but are slow and not highly 
manceuvrable like the speed boats. 


Gravity Measurements 


A meter constructed by the North American Geophysical Company 
of Houston, Texas, was used for gravity observation throughout the three 
concessions leased to B.B.O.D. 

During a large part of the survey in Eleuthera and Abaco a base run was 
made with the meter every 2 hours to check the “ drift,” with the intention 
that our results should be accurate to 0-02 or 0-03 milligal. Later in the 
work it was decided that as this was to be a reconnaissance rather than a 
detailed survey, standards desirable for routine work done in the United 
States were not required, and in order to cover large areas as quickly as 
possible, it would only be necessary to check back to base once or twice 
during the course of the day. Closures of 0-2 milligal were considered 
adequate for our purposes. 

It was the good fortune of all the companies doing gravity work in the 
Bahamas that between 1928 and 1932 several pendulum stations had been 
observed on land by the U.S. Coast and Geodetic Survey under the auspices 
of the Department of Commerce of the U.S.A. Pendulum readings had 
been taken at Settlement Point, West End, Grand Bahama, and at Mores 
Island and Milleville in Great Abaco. Many points of the regional picture 
were contributed by pendulum observations taken in a submarine operating 
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under the auspices of Princeton University in 1932, in Tongue of the Ocean, 
Exuma Sound, Northwest Providence Channel, Florida Straits, Old 
Bahama Channel, and in the Atlantic Ocean. The land points were used 
to give the absolute values for the otherwise relative values obtained with 
the gravity meter. 


Notes on Corrections Applied to Special Conditions in the Bahamas 
(1) On Land 


In order to obtain the elevation correction factor a number of routine 
gravity profiles were run across suitable localities in the limestone. 
Observations were made in Abaco (latitude 26° 15’) and in the Ragged 
Island (latitude 22°30’) about 260 miles away; adopting the normal 
routine ? a surprisingly low density of 1-46 was recorded in both places. 
Profiles run over the coral limestone in Barbados (latitude 13° 10’) about 
700 miles further south gave a density of 1-52 using this method. 


(2) At Sea 


(a) T'ripods.—Two measurements were necessary : the height of the top 
of the tripod above the sea at the point of observation and the depth of the 
water at the point ofobservation. A “ free-air ” correction was made for the 
first height, and the depth of the salt water of a density of 1-02 was 
“ replaced ” by a medium of estimated average density of the land area. 
The value of 1-46 was used, although this may not apply to the same 
limestone found on the land when it is submerged. However, the true — 
value was not known, and due to the even topography of the sea bottom - 
errors on this account between stations would be small. 

(b) Diving-Bell.—In this case it must be remembered that when the water 
medium has been converted to a rock medium the differential lies above the 
meter; so that this part of the correction to be applied to the observed 
gravity in a diving-bell has the opposite sense to the same part of correction 
applied to observations taken at or above the surface of the water on a tripod. 


(3) Regional Anomalies and Residual Maps 

In the part of the Bahamas in which the. concessions lay there existed a 
strong regional increase of gravity from West to East. A large number of 
profiles were drawn and a regional contour map was produced. By 
subtracting the Bouguer station values from the Bouguer regional values, a 
residual map was obtained which laid emphasis on the local gravity relief. 
The regional and some of the local gravity features are discussed later. 


CONSTRUCTION OF Maps 


The fact that this was a reconnaissance survey, and that the gravity 
loops were 4 or 5 miles in breadth and width, led to the adoption of a scale 
of 1 inch = 1 mile for the basic map on which all the work was plotted. 
In View of the great areas traversed, a polyconic projection based on Clark’s 
Reference Spheroid of 1866 was used. The advantage of this projection 
was that it enabled plotting directly to a true scale of 1 inch = 1 mile upon 
a grid of latitude and longitude. Ultimately, all companies operating in the 
Bahamas standardized on this projection. In making reductions of maps it 
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was found convenient to reduce to a scale of 4 miles to 1 inch, and 16 miles 
to 1 inch, on the same polyconic projection. 

In almost all cases the basic topographical work upon which the gravity 
work was finally superimposed was constructed from a combination of 
photogrammetry, triangulation, stadia, and compass work, but in the case 
of Abaco, a special technique was employed, utilizing the Shoran fixes 
obtained during the course of the airborne magnetometer survey. 

The Shoran fixes were based on the U.S. Coast and Geodetic network 
from the United States. The starting point of the Shoran fixes in the 
Bahamas was based upon two “ flare” positions at Pinder Point and 
Walker Cay on the Grand Bahama Banks. From these two flare positions 
the triangulation network was built up, and at any moment during the 
course of the survey two positions on the triangulation network were 
occupied by ships. The usual procedure was for an aeroplane to describe 
the arc of a circle of predetermined radius centred about one of the ships, 
as the plane flew on this arc, signals were sent and the reflection received on 
the aircraft at intervals of precisely 1 mile from the second boat. During 
the course of each of these flights a continuous Sonne film strip was taken 
when the plane was flying over land or scattered islands, and on this film 
fiducial marks were recorded at each instant that the plane was 1 mile 
farther from the second reference boat. Obviously, no indication of dis- 
tance was required from the first boat, as this was supposed to be main- 
tained constant. It was these fiducial marks that were carefully picked off 
on the aerial photographs of Abaco, and it is these points that were used to 
control the photogrammetric map. No triangulation was done, or has ever 
been done on the land of Abaco. The attempts to establish a grid of 
astronomical fixes failed for the reasons previously described. 
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METHODS ADOPTED FOR SEISMIC AND MAGNETOMETER SURVEYS OF 
THE RaGcED IsLaAND CONCESSION 
Seismic Survey 

Both reflection and refraction methods were used and carried out under 
Mr Leedy of the Westby Geophysical Corporation. 

In the reflection work the large majority of the profiles were straddle 
spreads and were mixed, that is to say, adjacent geophones are coupled to 
feed each galvanometer. Each galvanometer is thus fed by two phones, 
and each phone, except the end phone, feeds two galvanometers. Con- 
siderable experimentation had been done previously by the Westby 
Geophysical Corporation on the flotation of charges to avoid the “‘ bubble 
effect”; British Bahamian Oil Development benefited by this experience, 
which in itself was in some measure dependent upon the researches of Dr 
Ewing.’ 

The main points of the survey were laid out by boat triangulation, and 
wherever possible were tied to buoys or tripods whose position had been 
previously established by radar during the gravity survey. When working 
within sight of land positions were either resected by sextant or intersected 
by theodolite from established shore stations on the cays. 

- The actual shot points were marked by balloons anchored with iron 
weights. In both the anchoring of balloons and buoys it was found 
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desirable to put weights about 8 feet ahead of the main grapnel anchor or 
weights to prevent lifting off the sea bottom in rough weather. In spite 
of this, bad weather often shifted these markers, and it is essential in future 
operations that the parent ship should be equipped with radar. Much 
time was wasted in re-establishing the survey, particularly in refraction 
work, where shot points and geophone spreads were 5 miles apart. 

Anything from 2}- to 800-lb shots were used according to the nature 
of the survey, and geophones were rested on the sea-bed. Heavy seas 
upset the geophones, and considerable time was lost re-setting them. The 
maximum depth in which work was conducted was 40 feet. 


Magnetometer Survey 

The Robert H. Ray Corporation developed a magnetometer encased in a 
torpedo which was towed behind a ship. Results achieved were good on 
calm days, or when heading into the wind on choppy days, but in any follow- 
ing sea the torpedo had a tendency to “ yaw ” and ride the waves in the 
wake of the ship. The “ yaw” altered the ship’s own magnetic field in 
relation to the magnetometer and gave a bad record. 

The survey problem involved the elimination of the “ heading ” error. 
This error arose from the change in relationship of ship magnetic field to 
the magnetometer with change of ship’s course. A triangular pattern was 
developed, and the points of the triangle were crossed on the old course and 
immediately re-crossed on the new course to provide the new datum for each 
traverse. Thereafter the work progressed rapidly, and about 130 square 
miles was covered in 34 days. The instrument gave a continuous record 
which was tied by timing the passage of the ship from one fixed survey 
point on the triangle to the next. 

This triangular method also enabled the instrument to tie back to an 
established base every 4 hour for a check on diurnal variations without 
re-running a line, or doubling back or wasting any time. It could be applied 
with advantage to gravity work, and it is a matter of some regret that the 
method was not devized earlier for the gravity survey instead of adopting 
the standard pattern of squares and diagonals. 


GENERAL RELATIONSHIP BETWEEN SHAPE, Gravity VALUEs, 
STRUCTURE, AND SEDIMENTATION IN THE BAHAMAS 


Shape 

The most striking feature of the Eleuthera and Abaco is the similarity of 
their general outline; it will be noticed that this same general shape is 
repeated either truncated, inverted, or “ mirrored’ at Long Island, Cat 
Island, Crooked Island, and Acklin Island. 

The shape of Abaco and Eleuthera may be compared to a bent arm and 
shoulder blade. . The jutting “ elbow ” of the arm forms the point of first 
resistance to the Atlantic weather, and in each case coincides with a closed 
gravity high. At first it was thought that the closure was due to the terrain 
effect of the great plunge to oceanic depths off these shores; but when the 
correction was applied it failed to eliminate the high, although reducing it. 

North of the “elbow ” the “ forearm ” strikes SE-NW, changing to E-W 
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at the “ wrist ” ; South of the “ elbow ” the arm strikes N-S and the V of the 
“ shoulder blade ” in each case encloses very shallow marine areas. 

In the area behind the “ elbow ” of Abaco are some 400 square miles of 
swash or swamp lands; this is in strong contrast to the area behind the 
“elbow ” of Eleuthera where a relatively deep basin (30 to 40 feet) has been 
formed. There is a clear reason for this difference; in Abaco the northern 
part is protected by an extension of the Bank past Little Abaco, whereas the 
north part of Eleuthera bounds upon the ocean and is subject to the scouring 
action of strong tide rips through Current Cut. 

In each case the southwest part of the banks is dusted with a minor 
archipelago of small cays, rocks, reefs, and islands. The eastern or outer 
perimeter of both islands has lines of reefs, cays, and islands festooned out 
from the points of the land; these are much more strongly developed in 
Abaco than in Eleuthera. 

The conditions of sedimentation on the leeward side of Abaco were the 
subject of a special detailed study and the bathymetric characteristics 
of the windward side of Eleuthera were studied. These studies are referred 
to elsewhere in this paper; in summation they amount to an investigation 
of the cause and effect of the shape of these two islands. 

The Ragged Island concession presents a different picture. Ifthe Abaco- 
Eleuthera—Cat Island—Long Island—Crooked Island represent the first more 
or less continuous line or barrier to the ocean; then the Exuma Cays— 
Ragged Island Groups form a second line, and, as in the case of the first line, 
have similar characteristics. This second line seems to wedge out towards 
the north between a third line, the Andros-Grand Bahama Group, and the 
first. 

The outermost point of the Ragged Island showed a gravity high; to this 
extent, but not in other respects, the gravity characteristics of this conces- 
sion were the same as the Northern concessions. 

The views expressed above are in some disagreement with those expressed 
by Schuchert,* who groups all Bahamian Islands to the north and north- 
west of the Crooked Island Passage as the Cuban foreland and all islands 
to the southeast as the younger Bahamian volcanic arc. It seems from 
arguments which appear here and subsequently, that there is a continuous 
arc from Abaco southwards. If any break is to be made, then it should be 
placed north of the Inagua—Caicos Islands which may be a continuation of 
the Sierra Maestro in Cuba. But it is felt that such a division is probably 
arbitrary and may be unnecessary; whereas the grouping into a first, 
second, and third line of islands divided by partially or wholly filled in 
troughs seems more logical. 


Gravity Values (Fig. 2, 2(a), (b), and (c)) 
For ease of reference previous views on the gravity work done in the 
Bahamas may be summarized as follows :— 


R. M. Field—1931.5—The negative isostatic anomalies are supposed 
to indicate that the Bahama Banks are not underlaid by igneous 
rocks; the large majority of the island stations of this type in the 
world have positive isostatic anomalies, most of them are formed of 
igneous rocks. He considers that “ there seems to be good evidence 
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that the Bahama Bank and the surrounding area are in isostatic 
equilibrium to a marked degree and that the anomalies at several 
stations are probably due to abnormally light material close to the 
stations.” 

H. H. Hess—1938.*—Agrees with R. M. Field that the Bahamas are 
not immediately underlain by igneous rocks, but rather that there is 
a great thickness of light sediments. 


From 1945 to 1949 the greater part of the Bahama Banks were roughly 
covered by a grid of gravity observations at 4- or 1-mile intervals in 4-mile 
squares. Six major oil companies took part either directly or indirectly in 
these operations. A compilation of all this work would represent a major - 
contribution to a study of the Bahamas. The following remarks apply 
to results obtained by only the British Bahamian Oil Development in their 
concessions, and to previously published work by the U.S. Coast and 
Geodetic Surveys, Wood, Hole Expeditions,” and expeditions under the 
direction of Princetown University. 

(1) Regional Picture.—From the Florida~Cay Sal line to a point 140 miles 
east of Abaco there is a steadily increasing gravity anomaly, reaching a 
maximum of 308 milligals. In general, gravity anomaly features follow 
topographical features. 

In the first line (Abaco—Acklin) highest gravity anomalies seem to range 
from 110 to 140 milligals. 

In the second line (Exuma—Ragged) highest gravity anomalies seem to 
range from 70 to 90 milligals. 

In the third line (Grand Bahama—Andros) anomalies are of the order 30 
to 60 milligals. 

With the exception of a remarkably steep gradient culminating in a low 
value recorded in North of Abaco (Angel Fish Point) which affects an area 
of probably 1000 square miles, recent work confirms the regional picture, 
and the general remarks made by Hess and Field still stand for the Grand 
Bahama Bank, particularly in view of the published results of a well at 
Andros which penetrated 14,200 feet of limestones and dolomitic limestones 
without reaching any basement complex. Their views regarding the forma- 
tion of the troughs within the Banks and the formation of the “ first line ” 
islands require re-examination. 

(2) Detailed Picture—The details of the gravity work disclose interesting 
features which throw fresh light upon the possible formation of these banks. 

(a) The margins of the deep water embayments, such as Exuma Sound, 
are in some areas marked by exceedingly steep gravity gradients. 

(b) The steep gradients are often accompanied by “ reversals” of the 
tightly packed contours. 

(c) In most marginal areas a gravity contovr “reversal” takes place. 
The gravity anomalies build up in marginal areas to about the same vulues 
observed at sea nearby; but at or near the edge of the bank where the bank 
plunged off into oceanic depths, lower values were recorded which determined 
these “ reversals.”’ 

(d) Terrain corrections are not sufficient to eliminate these “ coast-line ” 
depressions, although they are modified thereby. 

(e) The northeasterly salients of the first line (Abaco—Acklin) land 


a: 
q 
4 
| 
. 
’ 
? 
\ 


644 LEE: GEOPHYSICAL SURVEYS ON THE BAHAMA BANKS 


THE BAHAMA BANKS 
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masses or significant banks abutting to the Atlantic Ocean form high 
gravity anomaly features. 

(f) There was no evidence that the strong gravity features on the margin 
of Exuma Sound continued across the Eleuthera banks in a northward 
direction. 

(g) There was no evidence that the marginal gravity features coinciding 
with the long line of Ragged Island Cays continued southward across the 
bank towards Cay Santo Domingo. 


Structure (Figs. 2 and 3) 


The details of the geophysical work have tended to confirm the views of 
Suess § and Schuchert ® that the Bahamas are essentially unfolded ; although 
for reasons which appear subsequently it is almost certain that differential 
compaction on the banks and instability in the marginal areas has caused 
slight folding, warping, and faulting. If there was any guarantee of suitable 
source and reservoir rocks in this area the gentle warping might be of more 
interest as an indication of an oil prospect. 

With regard to the volcanic are so often referred to in previous literature, 
it is apparent that the submarine contours off Eleuthera, for example, 
have a totally different appearance from the submarine contours on the 
west side of Exuma Sound. 

Eleuthera.—The work done off Eleuthera confirmed and amplified previous 
work done under the direction of Dr Maurice Ewing ;!° it was by no means 
as detailed as the work done in Exuma, but there is sufficient evidence to 
show the tremendous canyons and high outliers off the coast. The canyons 
plunge almost vertically to 5000 feet off the Cow and Bull, and an outlier 
about 3000 feet high stands off James Point. Certainly, from Man Island 
to Palmette Point the submarine contours and the gravity anomalies 
strongly suggest the topography of buried volcanic mountains. The 
evidence from Man Island to Egg Island is not so conclusive; there is some 
physical evidence indicating step-faulting similar to that described by 
Dixon “ at Morgans Bluff, and the fact that the gravity contours still 
remain controlled by the High at Cow and Bull further suggests that any 
volcanic features in this part of the coast-line are not dominant. As to the 
area from Palmetto Point southward to Rock Sound, it is felt that the 
evidence scarcely allows of any definite statement. 

Exuma Sound.—The detailed work in Exuma Sound provided evidence 
of the quiet and steady growth of these banks; it is for this reason, and the 
differences in the marginal gravity anomaly characteristics, that a distinc- 
tion should be drawn between the formation of this so-called ‘“‘ second line ” 
of Cays and that of the Eleuthera or “first line”. of Cays. 

Exuma Sound has a relatively uniform maximum depth of 4500 to 
5100 feet. The fathometer picked up some minor escarpments about 200 
to 300 feet high on the westward side which faced th2 Exuma Cays, but the 
cross-section of the Sound as a whole is broad almost flat-bottomed, with 
steep sides. The Tongue of the Ocean and New Providence Channel were 
carefully re-contoured, utilizing all the most up-to-date soundings, and it 
was found that these contours close at the openings of these troughs. Asa 
result, the theory advanced by H. H. Hess, that these troughs are ancient 
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river valleys, must be reconsidered. The usual shape of “ dry ” valleys in 
limestone country is one of cliffs on either side with a scree forming a V at 
the bottom; the fathometer did not record any central gorge or V-shaped 
ravine which could have been interpreted as an old submerged water-course ; 
also with such little drainage area or watershed it is hard to visualize an 
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enormous gorge 5000 feet deep and 30 to 35 miles across being formed ; 
particularly as there is little sign of tapering towards the headwaters. 

The profiles show that the sides of the Sound curve steeply upwards with 
precipitous gradients in some places. There appear to be three gradients in 
most of the profiles observed. 

(a) Flat to 1 in 20, maximum 264 feet to the mile. 

(6) 1 to 12 to 1 in 7, maximum 770 feet to the mile. 
(c) 1 in 5 to vertical, averaging 2000 feet to the mile. 


Coy 

rt 

SS — 

WS re 

— 

Ay? 


S28 


GEOPHYSICAL SURVEYS ON THE BAHAMA BANKS 


“goog ur syidop [Ty (F) 
(seureyeg) “0D 110 
4q yeroodg (gq) ‘qavyo (pv) : popiduroo (¢) 
*py] (seureyegq) Auvdurop [19 prspuvyg Aq sem sABD 
BUINXY OY} JO oY} ‘sozoyd puv ‘sAvo OY} Jo (Z) 
quour 


NOILOGLOUd OINOOATOd—SAVO VHOXH GNV GNVISI JO NOILYTIdWOO 


SUNVd VAVHVE AHL 


By correlating the terraces found on these profiles and the positions of the 
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These breaks and others which were more sporadic can be traced from 


interesting to note that H. H. Hess observed a break in the slope at 4000 
profile to profile for the whole length of the Sound under observation. 


feet in the Tongue of the Ocean. This has not been observed off the coast 
of Eleuthera. A further and more persistent break in the slope (with 


terraces) was found at 1800 to 3000 feet. 
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These breaks converge; they are separated by 2000 feet in the south and 
by 1200 feet in the north. 
There is evidence showing slight but comformable folding. 


It is reasoned from this that :— 


(1) Sedimentation was originally greater in the south of Exuma than 
the North. 

(2) That the south was quite recently tilted upwards relative to the 
north and for this reason increasingly greater land areas are to be seen 
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towards the South of the Exuma Cays. This last inference also applies 
to the Ragged Island Group and to many of the First Line Islands. 

(3) That gentle settlement and warping took place as the most 
recent of all structural events. 


The differences in gradient may be explained either as relatively more 
rapid deposition and contemporaneous subsidence as the gradient increased, 


PROFILE 17. PROFILE N®%39. 
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or as the different natural angles of repose of sediments of different 
composition. 

There is no evidence to show which of these two hypotheses may be 
correct. 

But the whole picture is one of quiet and relatively uniform sedimentation. 
No serious faulting is apparent; if longitudinal faulting along the line of 
section to the extent of several thousand had taken place recently, it is hard 
to believe that no complementary faulting would have taken place in the 
line of section. 
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Sedimentation 


Under the lee of the protecting island masses, large areas of compara- 
tively stagnant waters exist where sedimentation by photosynthetic, 
bacteriological, and mechanical means, and probably by direct precipita- 
tion, takes place. Examination of the sediments forming these banks 
shows considerable variation according to their position in relation to nearby 
sea and land masses. , 

These variations may be divided into four groups :— 


(1) Sedimentation at or near points of ingress or egress of ocean 
waters. 

(2) Sedimentation on wide, flat, undisturbed areas of the banks 
where no land masses exist and currents are not strong. 

(3) Sedimentation in salt-water marshes with strong tidal influence. 

(4) Sedimentation in brackish-water marshes with little tidal 
influence. 


Sedimentation at Points of Egress or Ingress of Ocean 

A casual glance at the long lines of cays and islands shows that behind 
many of them a fan-shaped bank is formed (Fig; 5). As the water sweeps in 
with the flood tide, the waters are warmed, and in the relatively stagnant 
eddy behind the islands a concentration of calcium carbonate takes place 
partly by evaporation, partly by hydrolysis, and partly by increase of CO, 
content. Recent observations by the Humble Oil Company have shown 
that the concentration of calcium carbonate reached 35 mg per litre and 
work by Murray ! which is supported by Thoule,!* Mayor,}* and Vaughan,” 
all suggest that “‘the ocean as a whole remains just about saturated for 
calcium carbonate,” particularly at shallow depths in tropical seas. 

This concentration of calcium carbonate, combined with aeration in 
constantly agitated waters, encourages the growth of all marine life secreting 
carbonate for their tests : around the main points of the ebb and flow of the 
ocean waters on to and off the banks there is a luxuriant growth of all 
shelly material. The main conch ”’ (Strembus gigas) fishing areas are 
found at such places as Sandy Point in South Abaco and around the banks 
of Powell Point in South Eleuthera or between any of the islands of the 
Ragged Island group. For several miles west of Poison Point in Eleuthera 
the beach is entirely composed of some small turritellids and abundant 
cerithide (cerithidea costata). This same cerithide had been found in 
abundance at Nurse Cay by Illing and the author and at Andros by Black. 

Coral heads, sea-ferns, sponges of the greatest beauty and variety 
obtrude themselves into these channels; the “sandy” material in the 
neighbourhood is composed of comminuted shell and coral fragments, 
sometimes rolied to a fine polish, excreta pellets, rare coccoliths, abundant 
calcareous alge, foraminifera, nondescript rounded calcareous sand grains, 
and ooliths. The ooliths sometimes coalesce to form ooids, which have 
also been observed by the Humble Oil Company in Grand Bahama. It is of 
some interest that the sea-slugs grow to about 14 inches in these areas, as 
compared with only 4 inches in the inner parts of the banks. 

At the southern part of the Schooner Cays (Fig. 3), the fan-shaped distri- 
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bution of this type of sedimentation was carefully plotted with the aid of 
aerial photography (see also Fig. 6). The photographs were taken in 1940, 
and doubtless the banks have shifted since then. But this form of sedi- 
mentation has its counterpart over wide areas south of Tongue of the 
Ocean and in many other places in the Bahamas. Fig. 5 shows the same 
effect taking place at points of egress and ingress along a marginal line of 
cays in the Ragged Island group. 

Detailed sampling was carried out in these areas, and the samples have 
been under examination by L. V. Illing at Cambridge University. 


Sedimentation on Wide, Flat Areas 


On the Ragged Island banks the many samples collected showed some- 
what monotonously, pellets, granular fragments, shell fragments, rare 
ooliths, occasional foraminifera. 

This type of area is frequently covered for many miles with sparsely 
growing sea grass, and in other places by uniformly distributed low-lying 
algai reefs with some coral (locally known as shoals). These are particularly 
well developed between New Providence and Finley Cay and southward 
towards the Exuma Cays. These coral colonies are usually nearly circular 
and inhibit the growth of the grass in the neighbourhood, probably because 
of the activities of fish which shelter in the colony. They do not seem to be 
more than 5 or 6 feet high, and occur every 400 to 700 feet. They vary in 
size from a few feet across to perhaps 100 feet across, the average one being 
60 feet. 

Samples from these areas were also receiving detailed examination by 
Illing at Cambridge University. 


4 

Sedimentation in Salt-water Swamp (swash) Areas 

Reference is made to Figs. 3 and 7. A sampling line was run across the 
swamps of North Eleuthera, where the relative rise of the land has left 
strand lines. Some of the samples showed peat from the mangroves 
growing in the area, others were composed of cerithide, and others of fine 
white or grey mud. 

These samples have been receiving detailed examination by Illing at 
Cambridge University. 


Sedimentation in Brackish-water Swamp (swash) Areas 


The sedimentation in these areas has been the subject of prolonged 
research and argument as a result of studies made in Andros. 

An independent examination by Illing at Cambridge University was 
being made of samples collected from Abaco, where similar conditions seem 
to exist. 

Although it will be more apt to desyribe these samples when they have 
been more thoroughly eyamined, many of the physical characteristics of the 
area can be properly described in this paper. 

Abaco is well wooded and has a relatively good rainfall; the water 
collecting on the land up to 100 to 150 feet runs down through the limestone, 
establishing a sheet water area, and boils up in the tidal swamp areas. The 
marine life is inhibited and the precipitation of carbonate reduced around 
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the focal point of the fresh-water spring, and a circular pool of reduced 
deposition is formed. The land area tends, in general, to increase as 
deposition followed by zolian action builds up the land; the springs 
become more numerous, and the circular pools form kidney shaped ponds 
and lakes (Fig. 8). 

Over a large part of this swash area a scrub grass and patches of mangrove 
grow; at low tides the wind dries off the exposed banks and blows the 
“sand” into dumps against the vegetation. Rain and weather-beat 
encrust these dunes, and an island or cay is formed. 

There is evidence of tilting. In the inner parts of the Abaco swash 
raised wave-cut cliffs are now 5} feet above sea-level, and at the western 
extremity of the banks at More’s Island, the raised wave-cut is 12 feet above 
sea-level. 

This differential warping and oscillation (which has been referred 
to in the description of the Exuma Cays) is typical of the whole of the 
Bahamas: it can also help in conjunction with the foregoing paragraph 
concerning marine fresh-water springs, to explain the reason for the 
“blue holes” and ‘ocean holes” (Fig. 9). Throughout Abaco New 
Providence and Eleuthera (and possibly others not observed) are encoun- 
tered almost perfectly circular holes, both on dry land and at sea. In the 
Abaco region under discussion one was located 3 miles south of Dundas 
Town. It was about 200 feet in diameter and 60 feet deep, and had about 30 
feet of clear fresh water in the bottom. Another well-known hole is located 
at Rock Sound in Eleuthera. It is suggested that these were formed by 
a sinking of the sea-bed in a stagnant area with contemporaneous deposition 
inhibited around a submarine fresh-water spring. This was followed, 
after sediments had been laid down, by a general rise in level so that the 
top of the hole became dry land. Further oscillation or reduced oscillation 
at the second stage would put these below sea-level. 

The Abaco area contains drewite, and is therefore subject to the same 
controversy as to the processes of the formation of this sediment as have 
been discussed for Andros, by Drew, Lipman, Vaughan, Smith, Bavendamm, 
Field, and others.14 Until further work has been done on the samples 
recently collected, no useful contribution to the discussion can be made 
here. 


Possible Explanations of the Formation of the Banks, Cays, Reefs, and 
Troughs 
In presenting these possible explanations a distinction is drawn between 
the “ First Line” of Cays and the “Second Line ” of Cays. 


First Line Cays 

The positions of high gravity corresponding to the “elbows” of the 
islands are interpreted as deeply buried submarine volcanic remnants. 
The volcanic action on submarine waters over these points caused increase 
of CO, and hydrolosis 15; there was an enrichment of calcium carbonate 
and sedimentation. These postulated conditions would be similar to condi- 
tions proved by a well in Bermuda.'¢ 

This was contemporaneous with widespread sedimentation over the 
whole area causing regional isostatic sinking (cf. regional gravity gradient). 

xx 
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Behind the barriers thus created in the Atlantic, eddies formed banks 
which were self-generative; the increasing burden, of course, assisted the 
general sinking. Minor oscillations occurred, but, in general, sedimentation 
was controlled by and kept pace with isostatic adjustment. 

The formation of the dominating three or four “ranks” of hills and 
reefs found throughout the areas examined was controlled by the factors 


suggested in a subsequent paragraph. 


Second Line Cays and Troughs 


The cycle of events leading up to the formation of the Exuma-Ragged 
Island Cays and their associated troughs (including Tongue of the Ocean) 
may be summarized as follows :— 

Paralleling the volcanic arc were lines of weakness and rift faulting with 
complementary cross faults. These developed at the same time as the 
submarine volcanoes of the First Line were being built up, and they also 
formed a submarine topography of a less severe character. It is possible 
that minor voleanicity and earthquakes occurred along this line (Cay Verde 
- gravity high). Minor oscillation raised the significant parts of these lines 
of weakness to sea-level or higher, and immediately the process of bank 
formation started in the lee of these small land barriers. No sedimentation 
would take place in the relatively low parts. The general isostatic adjust- 
ment has continued, and always the sedimentation at the line of weakness 
kept pace with the general downward movement of the whole of the 
Bahamas. It should be emphasized that at no time, on this hypothesis, 
would significant sedimentation take place in the troughs; in fact, to this 
day they may. still be getting deeper. But the possibility that the in- 
equality of sedimentation may have rejuvenated the lines of weakness 
cannot be entirely ignored, although it seems unlikely; otherwise more 
epicentres of earthquakes would have been recorded in the region. ll are 

that the Bahama Banks are stable. 

The lines of the reefs at the margins of the troughs have persisted and 
have become cemented, lithified, and dolomitized to a greater degree than 
the rest of the banks; they would therefore have probably a greater 
density. They would automatically tend to give higher gravity values; 
this would give a general explanation of the marginal highs and reversals. 

It should be remembered that although the sediments are formed on the 
banks, every ebb tide carries some of the material back out to sea again. 
The banks have therefore a tendency to build outwards. Both gravity 
work and seismic work give rise to the belief that the more ancient reefs lie 
somewhat within the lines of the present cays. 

The fact that these gravity features end abruptly at the north end of 
’ Exuma Sound suggests that the original line of weakness was obliterated at 
an early stage by sedimentation under the lee of Eleuthera; and that the 
cays no longer existed and no unusual lithification or cementation took 
place north of Sail Rocks. The same principle would apply in explanation 
of the absence of features in the Ragged Island group south of Ragged 
Island. 

The extra steep gradients at the head of Exuma Sound and west of 
Ragged Island near the Cochinos Banks are not easy to explain. For each 
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case it may represent the cumulative effect of the junction of two systems of 
reversed gravity anomaly at the confluence of two lines of weakness. 


Formation of Reefs and Hills 


Turning now to more recent events, the aerial photographs (Figs. 5, 10, 
11, 12) reveal that in many areas of the Bahamas there are three or four 
distinct parallel ridges of reefs or hills or islands within each group. In 
most cases the outermost ridge is submerged and the innermost ridges 
stand up as hills upon the land mass or as islands in ranks or en echelon. 
These hills have the smallest elevation in the Western Bahamas and their 
greatest elevation in Cat Island in the Eastern Bahamas. The evidence of 
raised wave cuts in Abaco, raised beaches in Ragged Island, tilting in 
Exuma and Grand Bahama (obsequent streams) and of submergence (west 
side of Andros, where peninsulas have become islands) is most conflicting 
and shows that the major isostatic subsiding was accompanied by warping 
and local adjustments in sea-level. But the three or four reefs in each 
group have survived, in one form or another. 

The suggestion that the building of these reefs may have been determined 
by glacial control has been considered. Five glacial and four interglacial 
periods are recognized over the North American Continent. Work in 
Bermuda by Sayles (1931) has established the five glacial and four inter- 
glacial periods there. Whether glaciation had any direct influence or 
whether other sea-level changes of a minor character were predominant, 
the mechanics of the formation of these reefs may be explained theoretically 
as follows :— 

During the recession of the sea the banks, which have been described 
earlier as growing outwards, would be exposed. A little vegetation would 
appear on these banks, and the high prevailing winds from the east would 
push the sand against the vegetation to form a bank. Progressively more 
vegetation grows upon the new bank until finally the “sand ”’ is swept into 
a high hill or dune. 

The effect of weathering on this loose “ sand ’’ is most marked, and can 
be observed in many places in the Bahamas. A hard crust is formed by 
rainfall within the space of two or three years; this is overlain by a fresh 
deposit after a strong storm or wind and, in this way, stratified rocks 
(subject, of course, to dune bedding) are formed within the dunes them- 
selves. These dunes would vary in height, stratification, and lithification 
according to the strength and direction of the wind and the degree of 
rainfall 


When the level of the sea rose these hardened dunes would become 
either submerged reefs or isolated strings of islands. The reefs or islands 
thus formed would become the natural barrier behind which fresh accumu- 
lation of ‘‘ sand” would take place. The outward building of the banks 
would reproduce the condition of the first cycle, and the whole process would 
be repeated. The innermost reefs or hills would build still higher, and in 
some cases form permanent land irrespective of subsequent fluctuation of 
sea-level. 

It may be noted that in this way four or five lines of reefs could be built 
up in the glacial periods, if, indeed, this was the dominant factor. 
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GENERAL CONCLUSIONS 


In studying the observations by authorities on the Bahamas it is evident 
that, with the exception of Schuchert, authors have endeavoured to give 
one explanation for the entire area, e.g. :— 


Suess, 1885. Bahamas composed of horizontal strata as fragments of 
Mexico-—Florida plate. 

Agassiz, 1894. The Bahamas are all of dune origin. 

Hill. The Bahamas may be the remnants of old volcanic piles. 

Grabau, 1912. Clear example of reefs growing on a platform built up 
of foreign material. 

Woodring, 1928. Bahama Ridge is composed of series of West Indian 
Cretaceous folds . . . worn down . . . covered with a veneer of 
calcareous sand. 

Hess, 1933. Bahamas is a great thickness of light sediments . . . 
features interpreted as ancient river valleys. 

Schuchert, 1934. The older, the northern part of the Bahamas, 
belongs to the Cuban foreland. . The younger southeastern part of 
the archipelago grew up as a slightly crescentic Bahamian volcanic 
arc. 


Evidence has been presented in this paper which would tend to show :— 

That the whole volcanic arc extends at least as far as Abaco. This has 
been called the “ First Line.” 

That the formation of such troughs as the Tongue of the Ocean and 
Exuma Sound has fundamentally different characteristics from the 
formation of the-“‘ First Line ” of Islands. The Exuma Cays and their 
extension to Ragged Island have been called the “ Second Line.” 

That, at least, from the “‘ Second Line ” westward, sedimentation has 
been proceeding quietly at least since the Cretaceous. 

That differential compaction and isostatic adjustment have given rise to 
slight folding, warping, and tilting. 

That gravity anomalies are governed in the “ First Line ” by the original 
volcanic arc; and by the slight folding, warping and tilting, and by 
submerged indurated reefs in the “Second Line.” 

That the major troughs are simply areas where relatively little sedi- 
mentation has taken place, but which, like the rest of the Banks, have 
been subjected to isostatic settlement. 

That the formation of subsidiary lines of reefs, cays, and islands seem to 
have been the result of regional alterations in sea-level which might be 
related to glaciation. 
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THE JET SAMPLER—A METHOD OF OBTAINING 
SUBMARINE SAMPLES FOR GEOLOGICAL 
PURPOSES 


By K. W. Barr (Member) * 


INTRODUCTION 


Durine the course of investigations in 1948 of the offshore areas of Trinidad, 
British West Indies, the question of carrying out a geological survey by 
means of bottom samples was considered, and because of the special 
physiographic conditions of the island there was reason to believe that such 
a survey might yield valuable information. The special conditions referred 
to are that the chief area of interest, the land-locked Gulf of Paria, which 
separates Trinidad from the mainland of South America, is essentially a 
flooded lowland basin. As a consequence, the geological formations and 
structures cropping out on land are cut across by the coast-line, and in many 
cases strike straight out into the sea. There is, therefore, every reason to 
expect the extension of known surface features into the offshore areas 
below the cover of recent and sub-recent mud deposits. 

The Gulf of Paria was known, on the basis of Admiralty Charts, to be 
floored with soft mud, and experience on piling operations for various piers 
and jetties had shown that a considerable thickness of recent mud—up to 
80 feet in places—occurred at no great distances from shore. The problem, 
therefore, was to find a suitable method for penetrating the mud cover and 
obtaining suitable samples from the bed rock. 


SUBMARINE SAMPLING METHODS 


A variety of devices have been made for obtaining cores of the sea 
bed, such as the Echmann plummet sampler, the Piggott gun sampler, and 
the more complex, but highly successful, sampler recently devised by 
Kullenberg.2 Independently of the writer’s work, a rather similar problem 
of bottom sampling was undertaken in California by J. L. Chase * using a 
type of punch coring equipment operated by an air hammer. This device 
has the great asset of permitting an oriented core to be taken, and reference 
will be made to this technique. 

With the exception of the Chase apparatus, all the other sampling 
methods are designed to take long and relatively undisturbed cores of the 
recent sea floor deposits, whereas the problem on hand was the penetration 
of the recent deposits and sampling of the bed-rock. 

In order to cover the area required to be surveyed, it was essential at the 
outset that the equipment should be mounted on some form of powered 
craft, preferably fairly manceuvrable, as a relatively large area was to be 
surveyed. This factor ruled out any type of core drilling equipment, as the 
necessary stable ‘“‘ foundation ’”’ could not be assured. 


* Geological Division, Trinidad Leaseholds Ltd., Trinidad, B.W.I, 
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The starting point in these investigations was to experiment with the use 
of a simple type of punch-core auger such as that designed by Rohr * which 
has been in general use in Trinidad for geological surveys. This consists 
essentially of a small 1-inch diameter chisel-edged core tube mounted on 
?-inch standard line pipe equipped with a jarring device and internal drive 
pipe. Whilst some success was obtained in shallow water, when the mud 
cover was relatively thin, say up to 20 feet, it was found that mud friction 
made deep penetration virtually impossible. But the greatest objection to 
this method lay in handling the pipe from a moving vessel, particularly in 
an area of high winds and sudden local squalls. Under these conditions it 
was found impossible to anchor the ‘craft sufficiently steadily to permit such 
operations ; in addition, there was always the danger of a change of wind 
causing the boat to override and bend the drill pipe. It is evident that 
Chase experienced much the same difficulty in operating the punch core 
equipment.’ 

After this initial failure it was concluded that any method depending on 
drill pipe operated from the surface was unsuitable, and the type of equip- 
ment required must be capable of being run on a cable. Experiments with 
the Echmann type of plummet sampler proved unsatisfactory, as adequate 
penetration of the mud was not obtained, and it was clear that a more 
positive mode of penetration was required. -— 


THe Jer SAMPLER 


The final answer to the problem was found in a jet sampling device in 
which a loaded plummet was carried through the mud by the flushing action 
of a high pressure water jet. In detail the complete assembly consisted of a 
loaded tubular plummet, mounted on 3-inch wire line controlled by a small 
power winch and connected to a high pressure hose which delivered water 
from a centrifugal power pump; the assembly is shown diagramatically in 
Fig. 1 (a). The plummet itself, Fig. 1 (b), consisted of a 20-foot length of 
2-inch line pipe, with an inner tube of 1-inch line pipe, the annulus being 
filled with lead. A shaped adaptor at the lower end carried a l-inch x 6- 
inch chisel-edged core tube threaded in, and in operation made up hand 
tight. Two }-inch flushing ports were provided at the upper end of the core 
tube to allow the water to escape from the plummet during raising to surface 
once the core had been taken. At the upper end of the plummet a second 
adaptor carried screw lugs for the attachment of a simple bail and a suitably 
serrated nipple for the hose attachment. Water for the jet was supplied by 
a Dennis auxiliary fire pump capable of delivering water at 250 p.s.i. 
Normal operating pressure was 150-200 p.s.i. 

In operation the plummet was swung over the ship’s side on a small jib, the 
pump started and the assembly lowered to the sea bed (Fig. 1 (a)). Whilst 
descending the water hose was strapped to the wire line with soft rope to 
assist the entry of the hose into the soft mud. The flushing action of the 
water jet acts positively in removing mud from in front of the plummet, and 
keeps the core tube free of sediment ; it also helps lubricate the plummet as 
it passes through the mud. Ifthe mud becomes more tenacious penetration 
is increased by spudding the plummet by means of a jerk line passed over 4 
small power cathead. 
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THE JET SAMPLER 


@) DIAGRAM SHOWING MODE OF OPERATION OF THE SAMPLER. 
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Thus, by jetting and spudding, the plummet was carried through the mud 
until it reached bed-rock (or sometimes a layer of mud too consolidated to 
penetrate). When the plummet reached this point of refusal the water jet 
was shut off and a core taken by spudding the plummet three or four times 
into the bottom formation. The plummet was then hoisted to surface, the 
core tube removed and the core extracted by a screw extractor.* In this 
way cores 4 to 6 inches long by 1 inch diameter were obtained, which were 
sufficient for lithologic and micro-paleontological examination, and in 
practice it was found that in many cases a clear dip reading was obtainable. 
Depth measurements were taken by signals taped on the wire line at 5-foot 
intervals. 

Under operating conditions the equipment gave quite satisfactory 
results, and the statistical results of an actual survey showed 55 per cent 
samples of bed-rock, 35 per cent of mud deposits, that is failure to penetrate 
the mud cover, and 10 per cent nil recovery for reasons unknown. The 
survey was carried out in the offshore belt operating up to 12 miles from shore 
in water depths up to 20 fathoms (120 feet). The maximum thickness of 
mud cover penetrated was 145 feet, at which depth the sampler held up in 
a layer of compact tenacious mud. The greatest thickness of mud cover. 
below which bed-rock samples were obtained was 110 feet. The time 
required to take samples varied from 30 minutes to 4 hours for the deeper 
samples. 

The equipment, described thus affords a method of obtaining bed-rock 
samples from below recent mud deposits in offshore areas. The sampler 
can be constructed at little cost, and has the virtue of simplicity and ease 
of operation, factors which will be readily appreciated by anyone who has 
experience of the many variable and often adverse conditions of marine 
operations. 
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ENG. COMDR L. J. LE MESURIER, 0O.B.E. 


WE much regret that we have to record the death of Comdr L. J. Le 
Mesurier, O.B.E., late manager of the Engine Research Branch of the 
Anglo-Iranian Oil Co. Ltd. 

Comdr Le Mesurier received his early engineering training at Keyham 
and Greenwich as a Naval Cadet, and as a young naval officer he was on 
duty at the Chatham Dockyard in connexion with the design and develop- 
ment of submarine diesel engines. In 1913 he was appointed manager 
of the newly formed Diesel Engine Department of Sir W. G. Armstrong 
Whitworth & Co. Ltd., Elswick Works, Newcastle-on-Tyne, in which 
capacity he was responsible for the design, construction, and installation 
of diesel engines and machinery in the many submarines built by this 
company during the 1914-1918 war. 

In 1921 he joined Messrs Sulzer Bros in their London office, where he 
was in charge of marine diesel engine activities. 

In 1926 he was entrusted with the organization of the Engine Research 
Branch of the Anglo-Persian Oil Co., and in this position he was responsible 
for the growth of the Engine Research Section of the Research Station 
at Sunbury and for the advisory technical service given by his company 
on engines and fuels to its many clients in Great Britain, the Continent, 
and many parts of the world. He also acted in an advisory capacity on 
diesel engine questions for the British Tanker Co. 

On the outbreak of war in 1939 he joined the Engineer-in-Chief’s 
Department of the Admiralty, where he remained until 1945, when he 
returned to the Anglo-Iranian Oil Co. Ltd., retiring at the end of 1946. 

At the Admiralty Comdr Le Mesurier did much valuable work in con- 
nexion with diesel engines for all kinds of duty, and their fuels and 
lubricants. For this work he was awarded the O.B.E.: 

He was elected a Member of the Institute in 1926, a Fellow in 1939, 
and was the author of several papers published in the Journal. He also 
served as a member of the Standardization Committee and of some of its 
sub-committees and Panels. 
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Geology 


2257. Some relations among sedimentation, stratigraphy, and seismic exploration. 
W. C. Krumbein. Bull. Amer. Ass. Petrol. Geol., 1951, 35 (7), 1505-22.—There was a 
time when sedithnentary petrologists could express much of their knowledge about 
sediments in terms of mechanical analysis, mineral analysis, and sedimentary struc- 
tures. Now they must be familiar with porosity, permeability, electrical resistivity, 
self-potential, sediment radioactivity, and other rock properties. 

This more precise knowledge finds practical application in reservoir engineering, in 
geophysical interpretation, and in many aspects of sedimentation and stratigraphy. 
Paralleling the need for more exact knowledge of rock properties is similar need for 
better understanding of sedimentary facies and their relation to problems of regional 
correlation. Increasing knowledge of environmental patterns, better understanding 
of sedimentary tectonics, and improved ability to evaluate the paleoecological signi- 
ficance of fossil organisms, all permit closer analysis of known facts, but require in 
turn a sounder framework of stratigraphic correlation. 

There are two main points which emerge from this discussion. The first is that 
geophysicists have made available a very large volume of seismic velocity data of 
great importance to stratigraphy and sedimentation. Geologists as a group have 
perhaps not used these data as fully as their importance warrants. 

The second point is that further analysis of the implications of seismic velocity data 
will depend to a large extent on fuller understanding of lithologic variables which 
influence velocity. E. N. T. 


2258. Petroleum geology. ©. L. Moody. Bull. Amer. Ass. Petrol. Geol., 1951, 35 
(7), 1499-1504.—In this paper, the presidential address to the thirty-sixth annual 
meeting of the A.A.P.G., the author describes the importance of petroleum geologists 
in the world of to-day; the achievements they have made, and what they hope to 
achieve in the future. E. N. T. 


2259. Progress report: Fordoche field, Lottie, Louisiana. J.A. Kornfeld. Oil GasJ., 
28.6.51, 50 (8), 70.—There are twenty-one producers in the Fordoche field, 2 miles 
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west of Lottie in the swamps of the Atchafalya River, which was discovered in Dec. 
1948. Three oil pays, the Clark, Dearing, and Long sands are producing between 
8120 and 9800 ft, and three gas distillate pays have been recognized. 

The accumulation lies on an elongated anticline in a down-block of an sast—west 
fault. 

Drilling and completion practice are described. C. A. F. 


2260. Denver-Julesburg play. Anon. Oil Gas J., 12.7.51, 50 (10), 65.—Four oil- 
fields have recently been discovered in the Denver—Julesburg Basin in southwestern 
Nebraska and northeast Colorado. The discovery wells were: 1 Reimers, 6 miles 
northwest of the Gurley field in Cheyenne County, which recovered 2180 ft of oil from 
the “J” sand; 1 F. E. Torgeson, 8 miles southwest of Kimball in Kimball County, 
which recovered 470 ft of oil from 6529 to 6540 ft; 2 T. D. Lovercheck in Banner 
County, which recovered oil from 5890 to 5959 ft in Upper Muddy; and 1 State in 
Logan County, which recovered 1000 ft of oil from the “‘ J” at 4691 to 4697 ft. 
C. A. F. 


2261. Major discovery indicated. Anon. Oil GasJ., 5.7.51, 50 (9), 46.—The Shannon 
Ranch well, approx 6 miles north of the Todd Ranch field, Crockett County, Texas, 
has been completed for production at 7236 ft. On test from 7185 to 7236 ft the well 
flowed gas in 7 min, and 40° oil in 22min. Gas production was estimated at 1,360,000 
cu. ft/day. Pay is Ellenburger, probably equivalent to the third pay of Todd Ranch. 
C. A. F. 


2262. El Roble well gages 600 bbl. Anon. Oil Gas J., 19.7.51, 50 (11), 72.—R PN-27 
in the El Roble concession, Anzoategui, Venezuela, was completed for 600 b.d. of 55° 
oil from approx 10,000 ft in the Colorado “‘ M ” sand.. C. A. F. 


2268. New discovery. Anon. Oil Gas J., 12.7.51, 50 (10), 71.—A well at Rabon 
Grande in Veracruz, Mexico, is reported to have found a productive sand at approx 
2211 ft which on test produced 225 b.d. Total depth was 3455 ft. C.A. F. 


2264. Alaska. Anon. World Oil, Int. Op. Issue, 15.17.51, 188 (2), 149.—Two oil- 
producing areas were found in the U.S. Naval Reserve No. 4 in Alaska in 1950. These 
were at Cape Simpson on the Arctic coast, where five wells were drilled totalling 
7119 ft, and at Umiat on the Colville River, where three wells were drilled totalling 
2283 ft. A gas well was completed on the Barrow high, and oil and gas shows were 
found in two other wells. 

Exploratory work is to be completed in 1951, and fifteen wells and core holes are to 
be drilled. C. A. F. 


2265. New Williston discovery? Anon. Oil Gas J., 19.7.51, 50 (11), 61.—1 Northern 
Pacific Railroad in Dawson County, Montana, is reported to have flowed on test 
1000 b.d. of 38° oil from the Mississippian Madison at 7253 to 7390 ft. The well is 
approx 80 miles northwest of the Cedar Creek gas field. C. A. F. 


2266. Dakota play widens. K. B. Barnes. Oil Gas J., 5.7.51, 50 (9), 37.—Approx 
6 million acres have been leased this year in the Williston Basin in North Dakota, 
bringing the total acreage leased to 26 to 28 million. Seismic exploration is being 
carried out in North and South Dakota. 

Sixteen of the most important wells drilled in North Dakota are described, and a 
block diagram of the Williston Basin is included. C. A. F. 


2267. Drilling step up. Anon. Oil Gas J., 12.7.51, 50 (10), 64.—An area including 
2 million acres in the northwest sector of the Williston Basin, Saskatchewan, is to be 
explored. An extensive seismic programme and drilling operations are planned. 

C. A. F. 


2268. Status of search for petroleum in the Moroccan Rharb. R. G. Levy. Rev. 
Inst. frang. Pétrole, May 1951, 6 (5), 125-36.—Although ao small amount of drilling 
was done in the Rharb during the war years, there has been greatly increased drilling 
activity as well as seismic and other geophysical work since the end of the war. 
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Early geological work had suggested that the shallow structures were more complex 
than those at depth, and that there was a Paleozoic high associated with the Meseta. 
Exploration at Ain Hamra had raised the question of Miocene oil possibilities. 

Gravimetric work indicated that the Rharb was the western end of a large basin 
bounded by the Betico-Rif massif on the north and the Atlas Hercynian area on the 
south. The various elements of this area include a Mesozoic basin, a nappe in the 
north, and a Neogene basin, with much of the area masked by very young formations. 
The Mesozoic basin is disturbed.by simple vertical displacements and breaking up in 
the south and west, the main, directions being Hercynian. The most southerly area 
has simple folds. Corresponding to the pre-Rif ridges there are sharply compressed 
folds and other complexities. The pre-Rif nappe is too disturbed to hold many 
possibilities of well-preserved oil accumulations. 

Tselfat and Bou Draa proved to be small accumulations. The former is a faulted 
upthrust with production from the Toarcian and Domerian. Bou Draa is a faulted 
anticline with production from the same two formations and from the Aalenian and 
Bajocian. Oued Beth, found in 1947, produces from fractured Palwozoic schists in 
contact with the margin of the Mesozoic basin. Ain Hamra produced from Miocene 
sands and sandy marls on a monocline broken by salt intrusions. 

Investigations have shown the presence of porous rocks in three main units which 
have been recognized, and also oilindications. In the Mesozoic basin the accumulations 
have shown hydraulic control. At Oued Beth the oil lacks gas and light ends, and is 
associated with large volumes of salt water. The oil is believed to be of Mesozoic origin, 
and problems exist with regard to finding accumulations associated with the margin 
of the Mesozoic basin, and under suitable cover, and those in structures within the 
Jurassic and possibly below the nappe. The pre-Rif nappe complex has many shows, 
and adequate testing should include the porous horizons of the Oligocene tr 
by the Miocene. The Miocene basin has given shows only at Oued Beth, and therefore 
the oil possibilities outside the nappe area are in doubt. 

Several maps and detailed tables are included. G. D. H. 


2269. New depth record set. Anon. Oil Gas J., 19.7.51, 50 (11), 68.—The deep test 
in the Burgan field, Kuwait, is reported to have reached 13,279 ft, a record depth for 
the Middle East. C.A. F. 
| 

2270. San Juan Basin surprise. P. C. Ingalls. Oil Gas J., 12.7.51, 50 (10), 137.— 
2 Scott Fedéral in the San Juan Basin of northwestern New Mexico flowed high- 
gravity oil from the Tocito sandstone at 6605 ft; on test the well flowed gas in 5 min 
and oilin 18 min. Gas production was estimated at 2 M M.c.f/day. 

The Tocito occurs approx 735 ft above the base of the Upper Cretaceous Mancos 
shale at outcrop in the type locality (65 miles west of the well), but its subsurface 
distribution and lithology have not been explored. C.A. FP. 


Geophysics and Geochemical Prospecting 


2271. Geophysical frontiers. G. E. Wagoner. Bull. Amer. Ass. Petrol. Geol., 1951, 
35 (7), 1523-8.—In the years 1920-40 there was in the U.S.A. a vast frontier of un- 
developed area to challenge geophysics. A great unexplored reserve of oil traps 
awaited the enterprising geophysicists who first brought their scientific devices to these 
strange lands. To-day, however, there are few new areas to beckon. 

The author points out the need for new frontiers; and whereas the old ones were 
geographical the new ones are technical. There must be a frontier for new ideas ; 
magnetic surveys; gravity surveys; electrical methods; geochemical methods; 
geophysical methods. The most important frontier, however, is the interpretation 
which must be applied to each of the above-mentioned frontiers. E. N. T. 


2272. The gravitational and magnetic exploration of parts of the mesozoic-covered 
areas of south-central England. N.L. Falcon and L. H. Tarrant. Quart.J. geol. Soc. 
Lond., 1950, 56, 141-70.—Gravity and msgnetic-anomaly maps for large areas of 
southern England are presented, and their geological implications discussed. The 
geophysical results are interpreted in terms of the probable composition and structure 
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of the hidden Paleozoic floor, with particular reference to the possibility of the exist- 
ence of appreciable thicknesses of Upper Carboniferous rocks in some parts of the area. 
(Authors’ Summary.) W. H.C. 


Drilling 


2273. New log interpretation. K. B. Barnes, Oil Gas J., 12.7.51, 50 (10), 55.—A 
slide rule has been invented to facilitate the computation of complex electric log data. 
It consists of a “ slip-stick,” 3% x 9 inches, carrying logarithmic and linear scales on 
front and back, and may be used to solve the electric log equations developed by 
Archie, Tixier, and others. C. A. F. 


Production 


2274. Variable characteristics of the oil in the Tensleep sandstone reservoir, Elk Basin 
field, Wyoming, and Montana. R.H. Espach and J. Fry. Petrol. Tech., Mar. 1951, 
3 (3), AIMME Tech. Paper No. 3018, 75-82.—Subsurface oil samples have been taken 
from nine wells in the Elk Basin field. The samples have been examined for volumes 
of gas in solution, bubble points, shrinkage, etc., and the composition of the gas in 
solution. The data obtained indicate that the oil in the Tensleep reservoir has un- 
usually varying physical characteristics. On the crest of the structure the saturation 
pressure is 1250 p.s.i.a. with 490 cu. ft. of gas per bri, and a saturation pressure of 
500 p.s.i.a. and 134 cu. ft/brl. occurred low on the flanks. The hydrogen sulphide 
content of the dissolved gas was 18% on the crest and 5% low on the flank. The 
various factors were related to structural position. Jt is commonly believed that in an 
oil reservoir the oil has rather uniform physical characteristics and that equilibrium 
conditions prevail in the accumulations; indeed, there are reservoirs where this is 
seemingly true. However, at Elk Basin this uniformity and state of equilibrium are 
lacking. The variability is less between levels of +655 ft and —117 ft than at lower 
levels. G. D. H. 


2275. Capillary pressure investigations. H. W. Brown. Petrol. Tech., Mar. 1951, 
3 (3), AIMME Tech. Paper No. 3025, 67-74.—Static capillary pressure measurements 
have been made by the restored-state and mercury-injection methods, and dynamic 
capillary pressure measurements by the Hassler technique. The results have been 
found to be the same for different methods on the same specimen, provided that the 
appropriate factor is employed in comparing the gas-water and mercury-—water 
systems. The factor varied with the sample, from 5:4 to 8-3 (the theoretical value is 
5°25). The factor averaged 6-4 for limestone and 7:2 for sandstone samples. The 
identity of the results obtained by dynamic and static methods confirms the validity 
of the use of static capillary pressure data in problems of fluid flow. 

Experimental data are presented on the use of “ J-curves ” for the correlation of 
capillary pressure-saturation data for a number of cores from a given geological 
formation. In some cases the correlation is improved by restricting it to certain 
lithological types. For forty cores permeabilities were measured and also calculated 
from the J-curve. The average error was 71°5% for all cores; use of the dolomite 
J-curve reduced the average error to 48%. The porosities ranged 10°4 to 279%, 
and the measured permeabilities 0°346 to 186 mD. G. D. H. 


2276. Low temperature dehydration of natural gas. L.R. Records and D. H. Seeley. 
Petrol Tech., Feb. 1951, 3 (2), AIMME Tech. Paper No. 3022, 61-6.—In the test 
equipment gas entered a vertical cylinder through an adjustable choke where the 
pressure drop, due to the Joule-Thompson eifect, caused cooling which led to con- 
densation of a portion of the hydrocarbons and water vapour, and the formation 
of hydrocarbon hydrates. Tangential flow of the entering mixture aided separation 
of the gases from the liquid hydrocarbons and hydrate particles, and the gases passed 
upward through a mist extractor and to the gas outlet. The liquid hydrocarbons and 
hydrate particles fell into a horizontal cylinder, where the latter were melted by heat 
introduced by passing well effluent through a bundle of tubes. A water outlet and 
condensate outlet were provided. In the tests, conditions simulated well-head pressures 
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of 2200 to 3750 p.s.i.g., well-head temp of 70° to 130° F, hydrate separator discharge 
pressures of 900 to 1500 p.s.i.g., transportation-line pressure drops of 0 to 600 p.s.i.g., 
and transportation line temp of 40° to 90° F. 

It was concluded that effective dehydration was possible by the Joule-Thompson 
effect, provided the pressure drop available is suitable; the process is direct and 
continuous. The water-content change. of dehydrated gas at pressures between 900 
and 1500 p.s.i.g., when combined with water-saturated condensate at the same 
pressure, is primarily a function of the initial water content of the dehydrated gas and 
the pressure at which combination occurs. G. D. H. 


2277. Fluid distributions gas-liquid flow. W. Rose. Petrol. Tech., 
Feb. 1951, 3 (3), 16-17.—The maintenance of equal pressure gradients in the flowing 
gas and liquid phases establishes uniform gas-liquid distributions in isotropic porous 
media only when the two immiscible fluids are both equally compressible, or both 
essentially non-compressible. Uniform fluid distribution depends on the curvature 
of each interface between the two fluids being the same throughout the porous material, 
because differences in curvature cause finite capillary pressure gradients. 

It is shown that the use of small pressure drops and/or large mean gas pressures 
both lead to small capillary pressure gradients and hence small changes in saturation. 
These conditions characterize parts of a reservoir distant from the well. G. D. H. 


2278. Interfacial tensions at reservoir pressures and temperatures ; apparatus and the 
water-methane system. E. W. Hough, M. J. Rzaza, and B. B. Wood. Petrol. Tech., 
Feb. 1951, $ (2), AIMME Tech. Paper No. 3019, 57~-60.—Refined apparatus for 
measuring fluid—fluid interfacial tension by the pendant drop method has been con- 
structed. The A.I.8.I. Type 316 steel tip was 0°0472 inch dia. The samples were 
introduced into an evacuated windowed cell without contact with air or mercury. 
In the range 15 to 15,000 p.s.i. the interfacial tension of the system ranged 70 to 22 
we dynes/cm at 100° F and 53 to 21 dynes/cm at 280° F. Variation of interfacial tension 
with drop age was studied, and data were obtained on the variation of wettability of 
stainless-steel samples in water and methane. One sample was water-wet at 2000 p.s.i. 
and methane-wet when the pressure was increased to 10,000 p.s.i.; at 220°F the 
corresponding limits were 1000 and 5000 p.s.i. G. D. H. 


2279. Relative permeability to liquid in liquid-gas systems. L.A. Rapoport and W. J. 
Leas. Petrol. Tech., Mar. 1951, 3 (3), AIMME Tech. Paper No. 3021, 83-98.—For 
the conditions of flow in most gas-drive reservoirs the oil and gas can reasonably be 
supposed to be in capillary equilibrium with each other. Under such conditions 
only the relative permeability to liquid can be expressed as a function of saturation ; 
it is dependent on the distribution of fluids, which in turn is related to the capillary 
pressure and thereby to the saturation. Thus the relative permeability to liquid can 
be expressed in terms of the volume and surface area of a network of liquid channels 
bounded by rock and the gas phase. The surface area cannot be evaluated, but the 
volume of the network is capable of estimation. However, for any such volume max 
and min values of the corresponding surface area are calculable from capillary pressure 
data. Hence for any saturation the limits within which must lie the relative perme- 
ability to liquid can be computed. 

A method of permeability measurement is described in which capillary barriers 
keep the gas phase stationary. Undesirable end effects are eliminated in this method. 
The results of observations and of the theoretical investigations are discussed. The 
agreement between calculated and measured permeabilities is considered to be satis- 
factory in the light of the overall precision that can be obtained at present in reservoir 
calculations. 

It is suggested that the technique of computing limiting liquid relative permeabilities 
from capillary pressure data is of considerable value and can be extended to cases 
where connate water is present. G. D. H. 


2280. Calculation of water resistivities from chemical analyses. H. F. Dunlop and 
R. R. Hawthorne. Petrol. Tech., Mar. 1951, (3), 17.—In water analysis the ions are 
commonly reported as p.p.m. A series of factors have been determined for expressing 
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each ion so reported as an equivalent number of p.p.m. of sodium chloride, and the sum 
of these figures gives, from a plot of sodium chloride concentration against resistivity, 
the approx resistivity of the water. Twenty-six water analyses were used to com- 
pare resistivities measured and those calculated by the above method. The average 
deviation was 3°3%. Other methods using secondary and primary alkalinities or the 
Palmer recombinations gave greater average deviations. However, all three methods 
give results which are sufficiently accurate for electric log interpretation and most 
other purposes, and the method given is rapid and convenient. G. D. H. 


2281. The connate water content of oil reservoir rocks. W. Ruehl. Producers’ 
Monthly, Aug. 1950, 14 (10), 10.—A study of the specific conditions prevalent at the 
Wietze and Heide deposits is preceded by a consideration of the term “ connate water 
content ” and its implications. 

Reference to an extensive bibliography of work done in the U.S.A. is made, and it is 
suggested that the irreducible water content may be an important factor. In general, 
coarse-grained, highly permeable rocks have a smaller residual content than fine 
lowly permeable rocks. The laboratory investigations indicate that an originally 
water-saturated rock will after production have a residual content in excess of an 
average of 20%. But the conclusions recently published by certain American authors 
are in agreement with the findings at Wietze and Heide, that there can exist no 
irreducible water content ; zero content may be attained theoretically either after the 
application of some limited pressure or in the course of long geological time. 

The Wietze deposit is poor in energy, and a programme of secondary recovery by 
mining was started sixty years after its discovery in 1858. Two methods of mining, 
direct and indirect, are used, the former involving the removal of the sand and its 
subsequent washing-out, and the latter the drawing of channels to permit gravity 
drainage. The Heide deposits are also mined at a depth of about 50 to 60 m, and a 
cumulative production of 1,200,000 tons has been obtained from 120 wells at 800 to 
1200 m, since 1935, the year of discovery. This light oil has a sp. gr. of 0°865, while the 
upper, more viscous, oil has a sp. gr. of 0-980. 

Data obtained from samples which were mined, and thereby were subjected to no 
secondary influence such as with drill samples, were shown not to correlate with 
previous work on irreducible water content. It is concluded that the time factor must 
therefore have an appreciable effect. A. J. H. 


2282. Hot water injection. G. Weber. Oil Gas J., 5.7.51, 50 (9), 38.—The use of 
heated water in secondary recovery studies in the Bradford area, Western Penn- 
sylvania, has given encouraging results. The test well was bottomed in the Third 
Bradford Sand at 1200 ft, and the injection water was heated at the well bottom to 
300° F. Rate of water entry into the formation was found to be 25% higher than 
when using water at normal temp. 

Other research projects in progress in the area include: the use of detergents in 
input water, the use of amine-type chemicals to kill bacteria and prevent corrosion 
in injection wells, and the use of radioactive tracers to facilitate the measurement of 
oil distribution in experimental reservoirs. C. A. F. 


Oilfield Development 


2283. World crude production. Anon. World Oil, Int. Op. Issue, 15.7.51, 188 (2), 
52.—World production in 1950 was 3,783,284,000 brl, a record figure; daily average 
production was 10,365,162 brl, or 11°3% higher than in 1949. U.S.A. production was 
1,971,845 brl, or 52°12% of the world’s total. 
Tables show the trends in world crude production, by countries; cumulative pro- 
duction through 1950; and world production by countries, by years, since 1857. 
C. A. F. 


2284. World crude reserves. Anon. World Oil, Int. Op. Issue, 15.7.51, 188 (2), 67.— 
Total estimated world reserves at Jan. 1951 were 95,208,124,000 bri, or 18,796,311,000 
brl higher than reserves estimated in 1946. U.S.A. estimated reserves were 
26,217,724,000 brl, or 13°3 years production at the 1950 rate. 
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The ratio of reserves to the 1950 production in the major producing areas as at 
Jan. 1951 were : Canada, 41-5 years; South America, 16°6 years ; Europe, 19°3 years ; 
Russia, 20°9 years; and the Middle East, 75 years. 

A table shows a five-year comparison of estimated world crude reserves, by countries. 
C. A. F. 


2285. World completions and footage. Anon. World Oil, Int. Op. Issue, 15.7.51, 
183 (2), 72.—47,365 wells were completed in the world in 1950, 4324 more than in 
1949. Of these 26,295 produced oil, 3302 gas, and 15,772 were dry. Total footage 
drilled was 172,650,878 ft. 

A table shows drilling activity in 1949 and 1950, by countries. C.A. F. 


2286. World producing wells. Anon. World Oil, Int. Op. Issue, 15.7.51, 188 (2), 
76.—At the end of 1950 approx 500,000 wells were on production in the world, approx 
20,000 more than at the end of 1949. 

Charts show the producing oil wells and the daily output of principal areas at the 
end of 1950, and a table shows the producing wells and daily production, 1949 and 
1950, by countries. C. A. F. 


2287. 1950 domestic production review. AIME Prod. Review Committee. Petrol. 
Tech., Mar. 1951, 3 (3), 12-16.—In 1950 Arkansas produced 30,840,007 bri of crude and 
condensate. Dry gas production in Northwest Arkansas was 7802 to 7827 cu. ft. 467 
crew-weeks of geophysical work were carried out, and 103 wildcats and 322 field wells 
drilled. There were ten new field discoveries. 

California had a peak production of 963,418 b.d. in Dec. 1950. 1262 oil and forty- 
six gas wells were completed, and 489 wildcats yielded eleven oilfields and two gas 
fields. Wells were drilled in Nevada, Arizona, and Washington. 

2894 wells were drilled in Illinois in 1950, including 830 wildcats, which gave twenty- 
five new pools and seventy-seven extensions. Water flooding was begun at Salem. 
The 1950 output for Illinois was 62,123,000 bri. 1527 wells were drilled in Indiana and 
10,702,683 brl of oil produced. 504 wildcats yielded twenty-eight new pools. . 
Kansas produced 107,000,000 brl of oil, and 4077 wells were completed. 373 gas 
wells were drilled at Hugoton. 10% of the present Kansas output is believed to be 
from secondary|recévery operations. Kentucky produced about 10,000,000 brl of 
oil and 70,000,000 M.c.f. of gas in 1950. Most of the gas was from Big Sandy. 1226 
wells (509 dry) were drilled. : 

2962 wells were drilled in Louisiana in 1950. Twenty-three oil and seven gas fields 
were opened ; four are believed to be major finds. Forty-seven wells were successfully 
completed off-shore. 

Michigan produced 15,800,000 brl of oil in 1950 and 10,000,000 M.c.f. of gas. 890 
wells were completed (325 oil and seventy-five gas). Sixteen new fields were found. 
Mississippi produced 38,500,000 brl of oil, and had 128 wildcats with eight discoveries. 
Twenty-seven wells were completed in Missouri, two giving oil and ten gas. Nebraska 
produced 1,250,000 brl of oil. Eighty-two wildcats were drilled with thirteen successes. 
New Mexico produced 47,300,000 brl of oil. 607 wells were drilled (484 successful). 
There were sixteen discoveries in 1950. 

New York produced 4,130,000 brl of oil and had 700 field completions. There are 
23,500 stripper wells. Ohio had 1141 completions in 1950 (475 dry). 5459 wells were 
completed in Oklahoma in 1950, and there were 840 wildcats. The production was 
163,000,000 bri. The main activity was at Elk City, Ringwood, Golden Trend, Pala- 
cine, and Velma-Sholem Alechem. 

Another major Oriskany gas sand pool was found in North-Central Pennsylvania. 
The Rocky Mountain area gave 94,000,000 brl of oil in 1950. Five dry holes were 
drilled in Idaho and four in Nevada. West and Northwest Sumatra were new dis- 
coveries in Montana, and Gusher in Utah. The Wyoming discoveries were Bonanza, 
Deep Creek, Deer Creek, South C;lenrock, Longs Creek, Happy Springs, Meadow Creek, 
Nowood, Slick Creek, and Clareton. 

Alabama had forty-six wells completed and produced 743,000 bri of oil. Fourteen 
wells were drilled in Florida, eleven being dry wildcats. Oil production was 476,000 
_ Five dry wildcats were drilled in Georgia. Tennessee produced 88,000 M.c.f. 
of gas. 
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3020 wells were completed in North Texas, 1660 being successful. There were 
607 wildcats, 108 being successful. The production was 53,300,000 bri. North- 
Central Texas produced 25,500,000 bri of oil. 2040 wells were drilled. East and 
East-Central Texas had nineteen wildcats. 890 wells were drilled in the Panhandle 
area, and production was 33,120,000 brl of oil in 1950. Helen Gohlke was an important 
discovery in South Texas. Generally the Upper Gulf Coast discoveries in 1950 were 
disappointing. Over 5000 wells were completed in West Texas, about 4130 obtaining 
oil or gas. There were 670 wildcats, which gave 116 oil and gas wells. Production 
amounted to 284,500,000 bri. Some 130 fields were discovered. G. D. H. 


2288. United States. Anon. World Oil, Int. Op. Issue, 15.7.51, 188 (2), 164.— 
43,204 wells were drilled in the U.S.A. in 1950, 10°9% more than in 1949. Crude 
production was 1,972,812,000 brl, or an average of 5,405,000 b.d., 7°2% more than in 
1949. Reserves at the end of 1950 were 26,217,724,000 bri, an increase of 1,568,235,000 
brl during the year. 

7780 wildcats were drilled, and 861 new fields and 301 new pays in known fields 
were developed. C. A. F. 


2289. Placerita flurry. Anon. Oil Gas J., 28.6.51, 50 (8), 54.—Drilling activity is 
being resumed in the Placerita Canyon field, California, and a 400-acre lease in the 
low gravity part of the field is to be drilled up with 100 wells on 2}-acre spacing. 
Initial production of wells varies from 50 to over 200 b.d. from sand varying from 
1000 to 2500 ft. C.A. F. 


2290. California’s prolific Potrero oilfield. O. A. Greybeal. Oil Gas J., 12.7.51, 
50 (10), 80.—Thirty producers in the Miocene 5th zone in the Newhall—Potrero field 
in southern California are producing 3406 b.d. Six Further wells are to be drilled in 
this zone. 

The field was discovered in 1937, and initially three upper productive zones were 
developed. These are producing 3450 b.d. with a cumulative production of 17,650,000 
brl, and are under pressure-maintenance. The 6th zone was opened for production in 
1945, and the 5th in 1946; additional wells have since been completed in the 5th, 
6th, 7th, and 9th zones, but only the 5th has been extensively developed. It is 
planned to include this zone in the field-pressure maintenance programme. 

The structure of the field is an asymmetrical anticline, the north flank averaging 40° 
and the south flank averaging 70° but locally 90°. Structural closure exceeds 2000 ft, 
and there is evidence of gravity stratification. In the 5th zone gravity varies from 
39° at the crest (at approx 8000 ft) to 25° on the flanks. The thickness of this zone 
varies from Jess than 200 ft to over 700 ft in the central part of the field. 

Drilling and completion practice are described. C. A. F. 


2291. Canadian oil developments, 1950. E. W. Shaw and E. D. Wilson. Canad. 
Min. metall. Bull., July 1951, 44 (471), 485-8.—In Eastern Canada operations con- 
tinued on a modest scale, with exploratory drilling slightly lower than in 1949. In 
Western Canada new records were reached in acreage holdings, geophysical activities, 
wildcat drilling, field development, and production. The new discoveries made at 
Whitelaw, Stoney Plain, Acheson, Spring Coulee, Flint, Big Valley, Ellersley, Barons, 
and Drumheller, in Alberta, are recorded and discussed. The growth of development 
and production in Western Canada is given in comparison with data for the years 
1948, 1949. Reserves did not show an increase, as all the new discoveries were made 
during the last four months of 1950, and could not be evaluated by the end of the year. 
W. H.C. 


2292. Canada. Anon. World Oil, Int. Op. Issue, 15.7.51, 133 (2), 149.—Total pro- 
duction from the Eastern and Western Provinces of Canada for 1950 was 28,904,256 
brl, or 7,413,158 br] more than in 194%. 

A new discovery was reported from Saskatchewan : Heart’s Hill 1, 90 miles south- 
east of Lloydminster, bailed 35 b.d. 

In Alberta, the Acheson-Stony Plains field was discovered 8 miles west of Edmonton. 
Pay is Lower Cretaceous sand or the D, or D, reefs. 870 wells were completed in 
Alberta in 1950; of these 618 were oil producers and forty gas. 347 wells were 
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completed in Redwater, whose limits have not yet been located. Estimated reserves 
of this field are 500 million bri, with a productive acreage of over 26,000. 172 wells 
were completed in the Leduc-Woodbend field, of which 157 were producers. Twenty- 
seven wells were completed in the Excelsior field, twenty-one of which were producers, 
and twenty wells, all of which produced, were completed in the Joseph Lake field. 
Tables give oil production and geological data in Eastern and Western Canada, by 
provinces and fields, and drilling, refinery, and pipeline data areincluded. C.A.F. 


2293. Petroleum developments in South American and Caribbean area in 1950. J. ¥. 
Mason. Bull. Amer. Ass. Petrol. Geol., 1951, 35 (7), 1532-62.—This paper shows with 
figures the 1950 petroleum progress of the following areas : Argentina, Bolivia, Brazil, 
Chile, Colombia, Ecuador, Peru, Trinidad, Venezuela, and the Caribbean area, in- 
cluding the Bahamas, Barbados, British Honduras, and Cuba. 

New records were set for crude production in several countries within the subject 
area, and the combined daily average production of South America and Trinidad rose 
12% to reach a new max. The most significant increases were in Brazil, Chile, 
Colombia, and Venezuela, more than offsetting apparent minor decreases in Argentina, 
Bolivia, and Ecuador. 

The following are some of the most outstanding items of interest; Venezuela 
maintained its position as the second-ranking producing country in the world and the 
largest exporter of crude. Colombia took advantage of additional pipeline facilities, 
modern recovery methods, and the relative absence of labour difficulties to raise its 
production 15% to another new high. In Chile the exploitation of the previously 
found Cerro Manantiales field in Tierra del Fuego led to a very significant increase in 
production ; and guccessful wildcatting (four wells on the Cerro Sombrero structure) 
promises that this is a continuing trend. 

Brazil met with success, by tripling production in the largest field under develop- 
ment, Candeias in the Bahia area. Argentina successfully completed a wildcat on 
Tierra del Fuego, where discovery of a small amount of oil is the first result of intensified 
efforts by the Y.P.F. In Bolivia, construction of adequate pipeline and refinery 
facilities led to the announcement that self-sufficiency had been obtained. Peru 
increased production slightly, but continued to postpone the promulgation of a new 
petroleum law undef Which new acreage might be awarded. E.N. T. 


2294. Bolivia. Anon. World Oil, Int. Op. Issue, 15.7.51, 188 (2), 175.—Bolivian 
production in 1950 was 616,000 bri. Five new wells were completed during the year, 
one of which was a wildcat. 

A field was discovered in a structure north of the Sanandita field in Tariji. 

Tables give drilling, production, geological, pipeline, and refinery data. C. A. F. 


2295. Mexico. Anon. World Oil, Int. Op. Issue, 15.7.51, 188 (2), 158.—Mexico’s 
production in 1950 was 72,117,598 brl, or 11,381,229 brl more than in 1949. Over 
50% of the production came from the Poza Rica field. 

New fields were discovered in 1950 in Tancoco and Tortuquero, Vera Cruz; in the 
Tampico Zone; and in Xicalango, Campeche. 

The Poza Rica field had ninety-five wells producing at the end of 1950. Cumulative 
production was 412,066,550 bri. 

Tables show number of wells and oil production by districts, wells completed in 
1949 and 1950; and engineering, geological, refinery, and pipeline data. A. F. 


2296. Venezuela. Anon. World Oil, Int. Op. Issue, 15.7.51, 183 (2), 190.—Combined 
production of Eastern and Western Venezuela in 1950 was 544,646,947 brl. 393 wells 
were completed during the year, of which 326 were producers. 

1950 discoveries include : Los Mangos 1 in Anzoategui, 600 b.d.; Rod 517 in Lake 
Maracaibo, 400 b.d. from ths Eocene; and P.108, north of the La Paz field, 6500 b.d. 
New, pools were discovered in the Leona, Oficina, Nipa, Guara, and Mapiri fields in 
Eastern Venezuela. 

The refinery at Amuay Bay on the western shore of the Paraguana peninsula is 
planned for completion in 1951. 

Tables give drilling, pipeline, production, and geological data. C. A. F. 
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2297. Poru. Anon. World Oil, Int. Op. Issue, 15.7.51, 188 (2), 188.—Production in 
Peru in 1950 was 15,027,839 brl, a record. 198 wells were completed during the year, 
of which 147 were producers. 
Exploratory tests were made at Loreto and Tumbes. 
Tables show oil and gas production, and refinery and drilling data are included. 
C. A. F. 


. Argentina. Anon. World Oil, Int. Op. Issue, 15.7.51, 183 (2), 171.—Seventy- 
six wells were completed in Argentina in 1950, of which sixty-two were oil producers 
and six gas. Oil was discovered in Tierra del Fuego, where a well was completed for 
approx 62 b.d. from 6690 ft, and a gas well in the Canodon Seco area of Comogoro 
Rivadavia was completed for approx 21,200,000 cu. ft/day. A new pool was dis- 
covered at 7500 ft in the Punta Piedras field in the Minitary Zone of Comodoro 
Rivadavia. 

Tables show Argentina production by regions for recent years, and production, 
drilling, geological, refining, and pipe-line data. C. A. F. 


2299. Paraguay. Anon. World Oil, Int. Op. Issue, 15.7.51, 183 (2), 188.—The fifth 
exploratory well in the Paraguayan Chaco was abandoned as dry in 1950. No further 
exploration is planned. C. A. F. 


2300. Cuba. Anon. World Oil, Int. Op. Issue, 15.7.51, 183 (2), 166.—Daily crude 
production in Cuba averages 500 brl. Geophysical operations were extended in 1950, 
and an offshore test at Blanquizal may be drilled. C.A.F. 


2301. Trinidad. Anon. World Oil, Int. Op. Issue, 15.7.51, 188 (2), 166.—1950 crude 
production in Trinidad was 20,238,936 bri, an increase of 224,183 bri over 1949. 
2053 wells were producing at the end of 1950, and 144 wells were completed during the 
year. 

The Herrera sand pool below 10,000 ft is being developed and a wildcat, Erin 3, 
XF-360, 3} miles southeast of the Palo Seco field had an initial production of 240 b.d. 
from the Lower Cruse. 

Tables give production, geological, drilling, pipeline, and refinery data. C. A. F. 


2302. Petreleum developments in Europe in 1950. F. E. Von Estorff. Bull. Amer. 
Ass. Petrol. Geol., 1951, 35 (7), 1563-96.—In western Europe active exploration 
for oil was carried on in 1950 in Denmark, Germany, France, Great Britain, Italy, 
the Netherlands, Portugal, and Spain. Wildcat drilling in Denmark was resumed, 
and in northern Germany exploration with the seismic-reflection method was in- 
tensified. The first deep test since the war and the first reflection-seismic survey were 
begun in the Molasse (Tertiary) basin of southern Germany. No first-hand information 
is available from eastern Europe. 

Production of oil in western Europe increased from approx 11,000,000 bri in 1949 
to more than 14,000,000 brl in 1950. A major development in 1950 was the discovery 
of the Lacq oilfield in the Aquitanian basin of southern France, which has already 
doubled the modest production of that country. Potential gas production in Italy 
has increased greatly. Germany and the Netherlands registered an increase in 
production. Great Britain’s production remained unchanged. E. N. T. 


2308. Growing Matzen. Anon. Oil Gas J., 19.7.51, 50 (11), 153.—Production from 
the Russian-controlled Matzen field in the Vienna Basin, northeastern Austria, is 
believed to be 24,000 to 30,000 b.d. 

The Matzen structure was mapped pre-war, and the pay is believed to be Lower 
Pliocene or Upper Miocene at approx 6500 ft. These zones also produce elsewhere in 
the Vienna Basin. C. A. F. 


2304. Petroleum developments in Africa in 1950. H.D. Hedberg. Bull. Amer. Ass. 
Petrol, Geol., 1951, 35 (7), 1597-628.—Petroleurm production in Africa in 1950 reached 
a new record figure of 16,652,000 brl. About 98% of this production was from 
Egypt, but both of the other producing countries, French Morocco and Algeria, showed 
very significant increases. Drilling exploration during the year was carried out in 
Algeria, Egypt, Ethiopia, French Equatorial Africa, French Morocco, Tunisia, and 
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Uganda. Total footage drilled during the year was by far the greatest in French 
Morocco (263,000 ft), followed in order by Algeria, Egypt, Tunisia, and French 
Equatorial Africa. Exploratory drilling was 4% successful. Seventeen drilling rigs 
were in operation at the close of the year. 

Geological and geophysical exploration for petroleum was in progress during 1950 
in Algeria, Angola, Cameroons, Egypt, Ethiopia, French Equatorial Africa, French 
Morocco, Kenya, Libya, Madagascar, Mozambique, Nigeria, Spanish Sahara, Tunisia, 
and Uganda. E.N. T. 


2305. Petroleum developments in Middle East and adjacent countries in 1950. R. C. 
Kerr. Bull. Amer. Ass. Petrol. Geol., 1951, 35 (7), 1629-51.—Petroleum production 
from the Persian Gulf countries was 637,033,000 brl in 1950, an average of 1,746,000 
b.d. This was a record output. 

Combined production of the Punjab field of India, of Pakistan and Burma was an 
estimated 3,820,000 bri for the year, an average of 10,450 b.d. These fields have not 
yet recovered from the interruption and damage caused by the war. In Burma 
particularly, continued political unrest has reduced the Irrawaddy Valley fields to 
insignificance. 

No new fields were discovered in the area during the year, but in the Persian Gulf 
countries exploratory drilling continues active. 

Geological and geophysical work in the Persian Gulf countries continues to enjoy 
a high priority, but has practically ceased in Burma and has been reduced to a very 
minor role in India and Pakistan. 

The greatest advance in geological knowledge has been brought about by strati- 
graphic data from deep wells. These data have promoted recognition of the poten- 
tialities of Cretaceous production in the Iraq and Persian fields and has permitted 
evaluation of facies changes and changes in sedimentary thickness in the Arabian side 
of the Persian Gulf. E. N. T. 


2306. Petroleum developments in Far East in 1950. G.F. Barnwell. Bull. Amer. Ase. 
Petrol. Geol., 1951, 35 (7), 1652-9.—The oil industry in the Far East has still not 
recovered from the damages of the war, and the prevailing political uncertainty and 
instability continues to retard its full rehabilitation and expansion. The bulk of the 
crude oil produced in the countries east of Burma comes from two principal districts, 
namely, Palembang in South Sumatra and Brunei in British Borneo. Geological 
and geophysical field activities as well as wildcat drilling reached a considerably higher 
level in 1950 than in 1949, but were still far below the pre-war effort. Wildcat drilling 
was largely confined to Sumatra, East Borneo, and East Java in Indonesia, and to 
Netherlands New Guinea and Papua. An important new test was completed in 
Australia, and several new wildcat tests were started in Japan. No new major 
discoveries were reported, but exploration drilling in the Minas field in Central Sumatra 
and the Tandjung field in the Barito district of East Borneo carried on during the year 
indicates that these two pre-war discoveries are likely to develop into major pools. 
The Betun, Karan, and Lebong discoveries reported in South Sumatra are significant 
but are of minor size. E.N. T. 


TRANSPORT AND STORAGE 


2307. Cargo tanks and pumps, etc., of SST “British Adventure.”. Anon. Fluid 

Handling, 1951 (16), 102-6.—The fixing, welding, and details of the construction 

of the cargo tanks and drainage pipe systems and vapour lines are given. Diagrams 

include the arrangement of piping in the cargo pump-room, stern discharge connexions, 

and deck cross-overs in plan and elevation. Steam heating, smothering, and ejection 

systems are described. Dia of all lines and the materials and design of valves 


2808. Constructional features and erection of large welded storage tanks. K. Jurczyk. 
Erdél u. Kohle, 1951, 4, 347-52.—Fabricational details of vertical cylindrical welded 
steel tanks are described, with special reference to plate division, types of weld seams, 
and roof design. Bottom to top and reverse methods of assembly are compared. 
Specialized aids for erection and vac testing equipment for welds are discussed and 
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illustrated. Different welding processes and their influence on stress effects in the 
tank walls are noted, as are frequently occurring malformations and their prevention. 
Welded vessels represent a marked advance over the riveted type in respect of lower 
construction costs and improved shapes possible. Pressure due to vaporization of 
vessel contents may be more easily allowed for and losses minimized by the recently 
developed drum-shaped tanks embodying deeply curved floors. Such vessels do not 
require any additional supports, internal or external. Owing to milder climatic 
conditions, the more expensive U.S.A. type of spheroidal tank is not warranted in 
Germany. P. 


2309. The development and operation of LPG storage cavities in salt strata. K. C. 
Howard. Petrol. Tech., Mar 1951, 3 (3), 10.—In the Keystone field of West Texas the 
top of the salt is at 1170 ft and the thickness over 1000 ft. On top is 100 ft of solid 
anhydrite. A hole was drilled to 1770 ft, casing set at 1162 ft and tubing run to 1770 
ft. Fresh water was circulated at 5-5 bri/min, and the salt content of the returns 
was 97% of saturation after fourteen days. At present the capacity of the cavity is 
about 25,000 brl; circulation will be continued until it is 50,000 brl. There was no 
detectable loss of fluids when pressures exceeding 500 p.s.i. were applied to the annulus 
at times when circulating. The LPG is stored over water by injection into the annulus 
with displacement of water through the tubing. LPG is extracted from the annulus 
by injecting water through the tubing. 

A formation 700 ft deep and which will support a column of saturated salt water 
is satisfactory for storing 200 p.s.i. vapour pressure propane. The system is also 
practicable where the formation will not support a column of water from the surface, 
provided that the formation is sufficiently deep and ore a second string of tubing with 
@ bottom-hole pump for removing water is installed. . 

In a test of the Upton County project 1500 bri ot propane was injected and about 
96% recovered. In three tests at Keystone recoveries ranged 95°9 to 99°7%. The 
recovered propane had a trace of moisture. 

The technique may be applicable to formations other than salt. G. D. H. 


2310. Storage tanks on sand drains. W. H. Franklin and G. R. Halton. World 
Petrol., 1951, 22 (7), 28-31.—A description of the method of consolidating shore-line 
sediments for large tankage foundations. Vertical sand drains (425 in number) were 
made and pressure applied with an overload fill, the first foot consisting of free draining 
sand to provide for horizontal escape for water squeezed up the drain and the balance a 
waste chrome/iron oxide. When settlement was substantially complete the fill was 
moved into position for fire-wall construction, and the tank (150,000 brl) erected. 
Water testing, occupying eighteen days, caused an overall settlement of 4 inches 
with a rebound of | inch and 1 inch tipping differential. vr iis very 
favourably with pile and concrete-mat construction. E. B. 


2311. Projects completed and under way total 18,480 miles of pipeline. P. Reed. 
Oil Gas J., 26.7.51, 50 (12), 226.—Eleven tables show principal U.S. and foreign crude 
oil, products, and natural gas pipelines planned, under way, and completed. 

G. A. C. 


2312. Some considerations on modern methods and technique in main-laying. W.G. H. 
Roach. Fluid Handling, 1950 (12), 371-3.—A paper given under the auspices of the 
Institution of Gas Engineers is condensed in this article. It presents practical details 
and alternative methods and equipment for handling, testing, and protecting the pipes. 
D. H. 


2318. Welding costs reduced one-fourth. R.L. Looney. Oil Gas J., 16.8.51, 50 (15), 
149.—A mobile welding machine for double jointing pipe along the right-of-way, 
and currently in use on a 30-inch pipe.ine in Indiana is described. The machine 
* employs hidden arc-welding process, and saves about 40% of manual welding electrodes 
normally used for major pipeline work. G. A. C. 


2314. Creole-Shell Siburua water line. R. L. Buck. Fluid Handling, 1951 (15), 
70—4.—Contamination of the drinking-water supply to the refinery was prevented by a 
continuous enamel coating on the inside of the 130 km long, 30-inch dia welded pipe- 
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line. The steel pipe was jigged and welded to 90-ft lengths before descaling. The 
enamel was applied hot from a boom passing through the rotating section. The tie-in 
welds were coated by hand from an electric trolley. D.#H. 


2815. Licking liquids in gas pipe lines. J.H. Echterhoff. Oil Gas J., 2.8.51, 50 (13), 
75.—Separation of liquids from a natural-gas stream is a mechanical problem, but 
often liquid carry-over occurs. If the gas is “ conditioned ’”’ before transport, no 
liquids will be formed; the recovery of liquefiable hydrocarbons is economic; and 
removal of water will prevent dangerous formation of hydrates. Processes include 
absorption and refrigeration for dealing with hydrocarbons; and liquid and solid 
desiccants for water removal. Flow sheets are given. G. A. C. 


2316. Radio in the petroleum industry. H. Franke. Erdél u. Kohle, 1951, 4, 408-9.— 
Ultra-short (3°5 m) wave radio-telephony is used in Emsland area for communication 
between derricks, sites, vehicles, and central control. Range used so far is 20 km 
with 10 W and frequency modulation. System is of great value in maintenance of and 
prompt attention to numerous installations (e.g., pipelines), and gives improved flexi- 
bility to communications system. Rs 


REFINERY OPERATIONS 


Refineries and Auxiliary Refinery Plant 


2317. Pioneering’ in Brazilian refining. C. E. Paes-Barreto, M. Ternpoll, and L. R. 
Hill. World Petrol., 1951, 22 (7), 33-6.—Mataripe refinery opened in Sept. 1950 to 
process 2500 b.d. indigenous crude based on proven reserves of recently developed 
Candeias and Itaparica fields. Contracts have now been placed for second plant for 
processing 2500 b.d. Don Joao crude with facilities for cat polymerization and LPG 
production from combined gases of the total 5000 b.d. Chief products are 75 O.N. 
gasoline, kerosine, diesel and fuel oils of low sulphur content; kerosine and diesel 
oil require caustic soda treatment only. General equipment is described. E. B. 


2318. Effect of re-set mechanisms in control processes. W. Oppelt. Zrdél u. Kohle, 
1951, 4, 343-6.—Attempts are frequently made to reduce the cycling of unstable 
control systems by incorporating an additional re-set unit in the controller. The 
range of stability of a controller fitted with such a unit is considered and conclusions 
applicable in practice are drawn. (Author’s Abstract.) P. Vv. 


2319. Flow patterns in liquid and furnaces. J. H. Chesters. Fluid Handling, 1950 
(12), 358-62.—This abstract of a paper read before the Society of Chemical Industry 
summarizes the conclusions of research into flow of fluids in simple and complex 
geometrical shapes. Their importance in oil- and gas-fired furnaces is indicated. 

D. H. 


2320. Turbulent heterogeneous combustion process in a high-temperature zone. S. A. 
Gol’denberg. Izvest. Akad. Nauk S.S.S.R., Otdel. Tekh. Nauk, 1951, 1025-30.— 
Consideration of process is based on results of combustion experiments in cylindrical 
passages in coal. Gas stream velocity attained 145 m/sec; diffusion retardation — 
observed at coal temp > 900°C. Combustion process can be denoted by Nugg 
0-024 Re®*. Length of oxygen zone (i.e., to point where O, concn 1%) is 38 Re” 
V. B. 


2321. On the theory of the heat and mass transfer from a sphere in a flowing medium 
at low values of Reynolds Number. R. Kronig and J. Bruijsten. Appl. Scientific 
Research (Holland), 1951, A2, 439-46.—A perturbation metho is developed for com- 
puting the heat transfer from a sphere at uniforrm constant temp to a medium flowing 
past it as a function of the radius of sphere, the velocity of flow, and the thermal 
properties of the medium. The results are expressed by giving Nusselt’s number as a 
power series of Peclet’s number, the calculation being carried to the second approxima- 
tion. The formula arrived at can easily be extended so as to apply to the evaporation 
of or the extraction from spherical droplets. The results are restricted to small values 
of Reynolds No. J.T. 
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2322. Heat transfer in laminary flow between parallel plates. J. A. Prins, J. Mulder, 
and J. Schenk. Appl. Scientific Research (Holland), 1951, A2, 431-8.—The heat 
transfer in a liquid when it passes in Poiseuille flow from a hot tube into a cold tube of 
the same dia is known as Graetz’ problem. The analogous problem with plane 
parallel plates substituted for the cylindrical tube wall is solved here by the introduction 
of a set of eigenfunctions y, satisfying the Sturm-Liouville equation 


y’ + — = 0. 
This solution is compared with the solution of Graetz’ problem. J. T. 


2323. The heat treatment of welds in pipelines. A. H. Goodger. Heating & Ven- 
tilating Engr, Aug. 1951, 19 (192), 200-22.—The heat treatment of all types of ferrous 
piping, for all conditions of temp and pressure, are described and discussed with 
respect to oxy-acetylene and metal-arc welding operations. The effects of pre-heating, 
post-heating, and of occluded hydrogen are described, and photographs and micro- 
photographs of welds are illustrated. The effects are described of post-heating on 
fatigue resistance, grain refinement, normalizing of oxy-acetylene welds, stress re- 
lieving of metal arc welds, stress corrosion, width of band to be heat treated, temp 
used, and temp measurement. The recommended good British practice for heat 
treatment of pipe welds for both welding processes is tabulated. Nine pages of the 
discussion which followed the reading of the paper are included, and eleven literature 
references given. W. H.C. 


2324. Heating by means of tetra cresyl silicate. R.A. Rose. Fluid Handling, 1951 
(14), 39-44. (See Abs. No. 2112—1950.)—The use of tetra-cresy] silicate is reviewed 
in detail in the ligh+ of operating experience. Its properties are listed. It is inert 
to all the common metals used in high-pressure hot-water systems, but not to zinc and 
light alloys. The machining and welding of flanges have to be high class: B.S. 
Table F was used. Control valves were found to work well. Filling, testing, and 
starting-up technique is detailed. Results are limited, since a year’s operation is not 
yet complete. D. H. 


2325. Importance of mechanical seal in fluid handling. N.Tetlow. Flwid Handling, 
1951 (13), 2-6.—The replacement of stuffing-boxes by mechanical seals in oil, food, 
aircraft, automobile, and refrigeration industries is a recent trend which is likely to 
increase and spread to other industries. The advantages over stuffing-boxes lie in 
their freedom from corrosion and abrasion, absence of leakage, even with light hydro- 
carbons and gases, ease of sterilization, and reduced maintenance. Among the 
problems of designing and manufacture are the tolerances and machined finishes 
required, dissipation of the frictional heat, and the strength of spring necessary. i“: 
D. 


2326. Variable duty centrifugal pumps. J. B. Scivier. Flwid Handling, 1951 (17), 
136-9.—Data are given on the performance of centrifugal pumps under the varying 
loads met in pumping from and to tidal waters. The basic equations relating g.p.m., 
head and b.h.p. are given, and deviations from them noted for a numerical example. 
The most suitable prime movers for easy variation in speed to keep the efficiency at a 
maximum are usually steam turbines or reciprocating engines. D. H. 


2327. The Pumoridge pump index. Anon. Fluid Handling, 1951 (13), 18-19.—A 
classification of pumps according to name, maker, design, materials of construction, 
and uses. Details of each pump are printed so that they can be cut out and card- 
indexed according to any of the headings desired. The first set treated are: Guinard ; 
Kestner Glandless E and J; Linatex Centrifugal; Varley Gear; Mono. Ibid., 
(14), 54-7, deals with Alcon; Sigmund ; Safran; Mitchell Centrifugal Acid; Gwynne 
Sand and Gravel; LaBour Type “Q.” Jbid., (15), 87-91, deals with Howard “ M” 
Rotary ; Tungstone Air Pressure; Aquair; Monobloc, DF and DM; Evans Duplex 
Power; Lead Wool Hydraulic Test; Integral Type Numbers; Vacseal Morris Roto- 
plunge; IMO. Ibid., (16), 123-5, deals with Crown Rotary; G and B Variable- 
stroke Hydraulic; Lee Howi Duplex; Oilfields “‘ Gardner ”’; Morrison Valute Irriga- 
tion; Mudhog; Saxon; Tangye AR. JIbid., (17), 156-8, deals with Comet; Crown A 
Suds; G and B High-speed Hydraulic; Girdlestone Vertical-spindle; LaBour U.L. ; 
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Lee Howl Differential; Mitchell Diaphragm; Mono Standard Type D; Sumo; 
Varley I.G. JIbid., (18), 186-8, deals with Girdlestone C; Kestner glandless E; 
Pegson Centrifugal; Rotan. D. H. 


2328. Calculation of factory J. Breuil. Chim. et Ind., 1951, 66, 45-8.— 
Nomograms are given for calculating the following (ranges in parentheses): smoke 
vol (0°5-15 m*/hr) from coal burnt (100 to 1000 kg/hr) (assuming 70% excess air) and 
smoke temp (100° to 500° C); summit cross-sectional area (0°5 to 10 m*) from smoke 
velocity (1 to 10 m/sec) and vol; height (1 to 100 m) from summit cross-sectional area 
and coal consumption ; base dia (1 to 8 m) from height and summit dia ; ae a 5 to 
100 mm H,0) from height and smoke temp. : 


2329. Effluent water purification in petroleum industry. O. Hahn. Erdél u. Kohle, 
1951, 4, 409-10.—Purification of pet industry effluents is discussed, and methods of 
breaking oil-water emulsions are described. Steam-pump condensate cannot be 
purified by simple clarification and settling. A method is described by which oil and 
naphthenic acid-polluted condensate is passed through two baffled vessels, 1:3 x 1 Xx 
0°6 and 0°8 xX 0°8 X 0°85 m, the former containing 5 to 6 kg of NaCl and 500 g of 
** Separol ” demulsifier. Issuing condensate is completely oil and acid free. P. V. 


Distillation 


2330. Extraction and purification of aromatic hydrocarbons by azeotropic distillation. 
V. Berti and T. Bottiglia. Riv. Comb., July 1951, 5 (7), 329-59.—The methods of 
extraction of aromatic hydrocarbons from petroleum cuts and their application in 
technical operations are discussed, with particular reference to methods of azeotropic 
distillation. Experimental ‘laboratory extractions of pure aromatic hydrocarbons 
from petroleum fractions by azeotropic distillation with acetonitrile (methyl cyanide) 
are reported: from a 150°C E.P., straight-run gasoline cut, from Italian crude, 
three fractions with boiling range 65° to 95°, 95° to 122°, and 122° to 150° C respectively 
have been separated, and from them by azeotropic distillation benzene, toluene, and 
xylenes (xylenes-and-ethyl-benzene) have been recovered. 

The same method has been applied for the separation of aromatic hydrocarbons from 
aromatic concentrates obtained by particular treatment of petroleum fractions 
(namely aromatization, hydroforming, and so on) or for the purification of coal for 
light aromatic distillates containing some aliphatic, both saturated and unsaturated, 
and naphthenic hydrocarbons. (Author’s Summary.) 


2331. New method for calculating fractionating columns for multi-component mixtures. 
B. Riediger. Hrdél u. Kohle, 1951, 4, 326-32.—Existing tedious methods for pre- 
dicting performance of fractionating columns handling multi-component mixtures are 
reviewed briefly and their limitations noted. New method is founded on work of 
Hoffmann (1943-44). It is possible to draw straight-line graphs of log v.p. against 
temp (on specially modified scale) for various hydrocarbons ; all such lines will meet at 
a point. Cox charts (also based on this principle) are a special case of Hoffmann’s 
generalized application. Not only hydrocarbons but also their derivatives like esters, 
ketones, and various halides are stated to conform. Modified reciprocal of temp (on 
which above scale is based) is used as a parameter in further curves showing b.p. at 
1 atm against log v.p. Comprehensive example is given of application of the method to 
an eleven-component mixture. Comparisons are made with ASTM analysis, flash and 
b.p. curves, and with McCabe-Thiele diagrams for binary mixtures at various R.F.R. 
Method is claimed to have advantage of considering side-streams and taking account of 
variations in latent heat of | iion, which latter is assumed constant in McCabe- 
Thiele method. P. 


2332. Patent. Ger P. 807812. Procedure and for distillation and con- 


densation. (H. B. Seebohm.) Victor Wolf Ltd. 3.5.49. Granted 26.4.51. [Prior 


England 21.4.49.] 807813. Apparatus for separating at least one component from a 
liquid mixture by distillation. Gebr. Sulzer AG. 6.11.49. Granted 26.4.51. [Prior 
Switzerland 12.11.48.] Brennstoff-Chemie, 1951, 32, 9-10. R. T. 
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Absorption and Adsorption 


2333. Daily input capacity of new plants will exceed billion and a half cubic feet. 

R. B. Tuttle. Oil Gas J., 26.7.51, 50 (12), 224.—Natural-gas-processing plant building 

projects in the U.S.A. are listed, showing capacity rating, status, and completion date. 
G. A. C. 


Solvent Extraction and Dewaxing 


2334. Patents. Fr P. 968831. Process and installation for the continuous extraction 
of liquids from solid materials with the aid of a solvent. Extraction Continue de Smet 
(S.A.). 12.12.46, 10.5.50, 6.12.50. [Prior. Belgium 26.1.46.] 


Fr P. 964694. Fractional extraction and crystallization of hydrocarbon mixtures. 
L. C. Fetterly, assr to N. V. de Bataafsche Petroleum Maatschappij 15.4.48, 22.8.50. 
[Prior. America 15.4.47.] Brennstoff-Chemie, 1951, 32, 13-14. 


Fr P. 969716. Fractional extraction and extractive crystallization of isomeric 
hydrocarbon mixtures. L. C. Fetterly, assr to N. V. de Bataafsche Petroleum Maat- 
schappij. 27.7.48, 26.12.50. [Prior. America 29.7.47.] Brennstoff-Chemie, 1951, 32, 
9-10. R. T. 


Cracking 


2335. Anglo-Iranian pilot fluid cracker. Anon. Fluid Handling, 1951 (17), 140-5.— 
A well-illustrated description of the plant and its operation is followed by useful 
details of the air and electricity supply systems, controllers, and instrumentation. 
Nominal throughput: 4 g.p.h. 


2336. “ Houdriforming,”’ a new catalytic reforming process. C. G. Kirkbride. Riv. 
Comb., July 1951, 5 (7), 317-28.—Houdriforming is a new catalytic process for reform- 
ing petroleum naphthas to aromatics, concentrates, and high-octane gasoline. For this 
process dual-function catalysts have been developed which are very selective for the 
dehydrogenation of C, ring naphthenes, the dehydro-isomerization of alkyleyclo- 
‘pentanes, and the isomerization of normal and slightly branched paraffins into highly 
branched paraffins. The catalysts are not affected by sulphur compounds. The 
process is non-regenerative, although for flexibility of operation the catalyst can be 
regenerated in place. (Author’s Summary.) 


2337. New catalytic reforming process is announced by Houdry. Anon. World Petrol., 
1951, 22 (6), 54.—Selective cat have been developed for dehydrogenation of C, 
naphthenes, dehydro-isomerization of alkyl cyclo-pentanes, and isomerization of n 
and slightly branched paraffins to highly branched paraffins. Cat are not affected by 
S$ compounds, including thiophene. In life tests (thirty to fifty days without loss of 
activity) in multi-bed adiabatic units different charge stocks were processed. E. Texas 
naphtha (150° to 220° F) gave high yield of aromatics and gas containing 98% H, ; 
a 188° to 368° F naphtha yielded 78% (vol) of 97 F-1 clear O.N. gasoline. Data are 
given of base charge stocks for aromatic and for gasoline production and of the reformed 
products obtained under various conditions. E. B. 


2338. Magnolia’s catalyst air-lift system at Beaumont. F. L. Resen. Oil Gas J., 
28.6.51, 50 (8), 66.—The air lifts deseribed are installed in the T.C.C. units. Twenty- 
eight such units are being built with a total capacity of about 325,000 b.d. The lift 
is accomplished by air at 2 p.s.i.g. pressure applied to a lift pot, the regenerated 
catalyst being moved to the top of the unit, where it is collected in a separator surge 
hopper. Lifts can convey catalyst at desired rates. The air-lift combines simplicity 
with flexibility. 

A table shows operating conditions, and a curve displays charge rate to the reactor 
and rate of catalyst attrition. G. A. C. 
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2339. Aromatics production by the Platforming process. V. Haensel. Oil Gas J., 
9.8.51, 50 (14), 80.—The U.O.P. Platforming process has for one of its major reactions, 
the formation of aromatic hydrocarbons, and the conversion of such a plant from 
motor-fuel operation to aromatic production is easily performed on the commercial 
scale. It is estimated that about 700 million gal of benzene per year could be pro- 
duced ; or 2} times this quantity of toluene. 
It is essential that the catalyst used should be able to convert both C, and C, rings 

to aromatics. Tables include composition of 140° to 185° F fractions, processing soy 
150° to 190° F cut, composition of 185° F to 220° F fractions, and results of a toluene 


production run on a Platforming unit. G. A. C. 
2340. Production of aromatics from natural gas liquids. C. R. Williams and R. E. 
Sutherland. Oil GasJ., 9.8.51, 50 (14), 84.—Natural-gas liquids have been investigated 


in the U.S. as a source "of raw material for production of aromatics, and a table lists 
potential quantities of benzene, toluene, and C, aromatics that can be produced by 
Platforming such stocks. A flow diagram of a unit for aromatics production shows 
that same arrangements are used when the aromatics are produced simultaneously. 
Another table shows the profitability of benzene production by Platforming a light 
natural gasoline. G. A.C. 


2341. Patents. Ger P. 807417. Process for cracking asphaltic mineral oils, tars 
or their high-boiling fractions and residues. (G. Free.) Badische Anilin- and Soda- 
fabrik. 13.2.49. Granted 19.4.51. 


Ger P. 806455. Procedure for cracking liquid hydrocarbons in the electric arc 
furnace. P. us. 15.12.49. Granted 5.4.51. Brennstoff-Chemie, 1951, 32, 9-10. 
R. T. 


Hydrogenation 


2342. Patent. Ger P. 807814. Process for the production of nickel and _ nickel 
mixed catalysts, especially for the hydrogenation of organic compounds, (L. Schertel.) 
Th. Goldschmidt. 2.10.48. Granted 26.4.51. Brennstoff-Chemie, 1951, 32, 9-10. 

R. T. 


Polymerization 


2343. Patent. Fr P. 964849. Cracking of hydrocarbons. L. A. Ledoyen 15.4.48, 
25.8.50. 965025. Polymerization of olefin hydrocarbons. W. B. Shanley, assr to 
Universal Oil Products Co. 21.4.48, 31.8.50. [Prior. America 23.4.47.] Brennstoff- 
Chemie, 1951, 32, 13-14. R. T. 


Alkylation 


23844. Sulfuric acid alkylation—for motor and aviation gasolines. J. W. Jewell and 
C. C. King. Oil Gas J., 16.8.51, 50 (15), 120.—Flow scheme of a modern H,SO, 
alkylation unit is discussed, and new developments, such as the Kellogg. cascade 
mixer reactor are described. 

Combined operation with catalytic polymerization makes the poly-unit debutanizer 
available for debutanization of alkylate, thus affecting a saving on the alkylation unit. 

Complete C, and C, olefin conversion to gasoline and exchange of high-vapour- 
pressure isobutane for greater volumes of lower-vapour-pressure n-butane or casing- 
head gasoline are made possible. Eight tables illustrate the operation and economy of 
the process. G. A.C. 


Chemical and Physical Refining 


2845. Texas Gulf producing 300 tons daily of sulphur at New Worland plant. Anon. 
Oil Gas J., 19.7.51, 50 (11), 79.—This new plant removes H,S and CO, from sour 
natural gas and converts H,S to 8. It consists of a Girbotol monoethanolamine 
absorption unit processing 30,000,000 cu. ft/day sour gas and burner units where the 
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extracted H,S is burned with insufficient air to enable remaining H,S and SO, produced 
to react over a catalyst to yield sulphur. The sulphur vapour is scrubbed with liquid 
sulphur to remove it from gas stream, and the product collected in a rundown tank, and 
pumped away daily. G. A. C. 


2346. Patents. Ital P. 4346. Catalytic desulphurization of petroleum hydrocarbons. 
Anglo-Iranian Oil Co. No date given. Brennstoff-Chemie, 1951, 32, 13-14. 


Ger P. 807419. Process for the catalytic treatment of hydrocarbons, fats, oils, and 
waxes. (W. von Fiiner and W. Simon.) Badische Anilin- and Sodafabrik. 24.4.49. 
Granted 19.4.51. Brennstoff-Chemie, 1951, 32, 9-10. 


Fr P. 968479. Catalytic desulphurization of naphthenic naphtha hydrocarbons. 
F. W. B. Poster and F. R. G. Green, assrs to Anglo-Iranian Oil Co. Ltd. 28.6.48, 
28.11.50. [Prior. England 30.6.47.] Brennstoff-Chemie, 1951, 32, 9-10. 


Fr P. 970690. Process of catalytic desulphurization of kerosine and of white spirits. 
Anglo-Iranian Oil Co. Ltd. 25.8.48, 21.6.50, 8.1.50. [Prior. England 26.8.47.] Brenn- 
stoff-Chemie, 1951, 32, 9-10. R. T. 


Special Processes 


2347. Chemical basis of modern petroleum processing. S. R. Sergienko. Izvest. 
Akad. Nauk S.S.S.R., Otdel. Tekh. Nauk, 1951, 803-12.—Review, in very general 
terms, of modern developments in pet refining, with particular reference to hydrocarbon 
inter-conversion reactions developed by Russian chemists. V. B. 


2348. Lion chemical produces 1200 tons daily of petrochemicals from natural gas. 
F. L. Resen. Oil GasJ., 12.7.51, 50 (10), 76.—The Lion Oil Co.’s plant at El Dorado, 
Ark., producing end products of nitrogen, including anhydrous ammonia, ammonium 
nitrate fertilizer, ammonium sulphate, and three types of nitrogen solutions, is briefly 
described. Chemical reactions which convert natural gas to the end products are 
outlined. G. A. C. 


2349. The production of olefins for chemical manufacture. J. L. Edgar. Industr. 
Chem., 1951, 27, 345-9.—A résumé of the pyrolysis and gas-separation processes at 
Shell’s Stanlow plant. Gas oil feed stock is cracked at low pressure, high temp (600° 
to 700° C), these conditions favouring high olefin yields. Superheated steam is injected 
into cracking furnaces to inhibit coke formation, suppress side reactions, and reduce oil 
partial pressure. Light hydrocarbons produced by cracking are compressed and 
ted into fractions by: (a) absorption section, which absorbs all C, and heavier 
hydrocarbons, these being used for aromatics production or as gasoline blending stock, 
(b) fractionation section operating at low temp and high pressures, producing hydrogen 
and methane stream (fuel gas), ethane—ethylene stream, propane—propylene stream, and 
C, stream (n- and isobutane, butene-1, butene-2, isobutylene and butadiene). The C, 
stream must be freed from butadiene and isobutylene before it can be used for chemical 
synthesis. Representative yields from process are (% by wt) :—hydrogen, methane, 
ethane, ethylene, 29; propane, propylene, 15; butane, n-butylene, isobutylene, 
butadiene, 10; aromatic distillate, 20; fuel oil, 26. &. G. 


2350. Patents. Fr P. 969997. Apparatus for carrying out catalytic reactions. 
N. V. de Bataafsche Petroleum Maatschappij. 2.8.48, 28.12.50. 


Fr P. 970034. Apparatus for the catalytic conversion of hydrocarbons. (R. T. 
Savage and R. C. Lassiat.) Comp. Frangvise des Procédés Houdry. 5.8.48, 28.12.50. 


Ger P. 805516. Process for the production of a hydrocarbon mixture suitable as a 
solvent. (E. Donath, O. Reitz, and W. Simon.) Badische Anilin- and Sodafabrik. 
2.10.48. Granted 15.3.51. 


Ger P. 805520. Solvents for organic materials. (W. Wolff, F. Oschatz, and A. 
Burgard.) Badische Anilin- and Sodafabrik. 2.10.48. [Prior. France 26,2.48.] 
Granted 15.3.51. Brennstoff-Chemie, 1951, 32, 9-10. 
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Ger P. 811347. Process for the catalytic synthesis of hydrocarbons. Standard Oil 
Dev. Co. 1.11.49. Granted 14.6.51. [Prior. America 21.12.45.] Brennstoff-Chemie, 
1951, $2, 13-14. 


Fr P. 968691. Synthetic production of hydrocarbons and compounds comtaining 
oxygen from CO and H,. 8. D. Sumerford and F. J. Buchmann, assrs to Standard Oil 
Development Co. 2.7.48, 1.12.50. [Prior. America 5.8.47.] 


Fr P. 968691. Synthetic production of hydrocarbons and compounds containing 
oxygen from CO and H,. 8. D. Sumerford and F. J. Buchmann, assrs to Standard Oil 
Development Co. 2.7.48, 1.12.50. [Prior. America 5.8.47.] 


Swedish P. 127678. Hydrocarbon synthesis from carbon monoxide and hydrogen 
with fluid catalysts. R. W. Krebs, assr to Standard Oil Development Co. 5.11.46, 
21.3.50. [Prior. America 21.12.45.] 


Swiss P. 267907. Production of a mixture consisting chiefly of carbon monoxide 
and hydrogen. (OQ. Laubi.) Krebs & Co., AG. 4.12.47, 1.7.50. 


Fr P. 960312. Production of catalysts for the synthesis of hydrocarbons or com- 
pounds containing oxygen from CO and H,. (J.C. Schiller.) Standard Oil Develop- 
ment Co. 15.10.47, 17.4.50. [Prior. America 20.12.46.] 


Fr P. 970001. Production of active iron catalysts for the synthesis of hydrocarbons 
from CO and H,. J.C. Schiller and E. L. Ekholm, assrs to Standard Oil Development 
Co. 4.8.48, 28.12.50. Brennstoff-Chemie, 1951, $2, 9-10. 


Fr P. 969523. , Iron catalyst for the production of hydrocarbons from CO and H,. 
W. E. Spicer and U. R. McAdams, assrs to Standard Oil Development Co. 24.7.48, 
21.12.50. [Prior. America 9.10.47.] Brennstoff-Chemie, 1951, 32, 13-14. 


Fr P. 969444. Separation of organic compounds containing oxygen from hydro- 
carbon mixtures. L.G. R. Tompkins, assr to Standard Oil Development Co. 21.7.48, 
20.12.50. [Prior. America 21.8.47.] Brennstoff-Chemie, 1951, 32, 9-10. 


Fr P. 964355. Separation of the resinification products from benzines and other 
petroleum products. Centre National de la Recherche Scientifique. 16.3.48, 11.8.50. 
Brennstoff-Chemie, 1951, $2, 13-14, 


Spanish P. 956192. Procedure for producing hydrocarbons and town gas. Société 
Metall-Gesellschaft Aktienges. 11.4.44. Brennstoff-Chemie, 1951, 32, 9-10. 


Ger P. 809802. Process for the continuous purification of benzene hydrocarbons 
to pure products. (L. Nettlenbusch and W. Sexauer.) Concordia-Bergbau-A.-G. 
16.7.49. Granted 23.5.51. 


Ger P. 811230. Process for the oxidation of hydrocarbons, especially of methane to 
formaldehyde. (O.Techetmayr.) Gutehoffpungshiitte. 13.10.48. Granted 14.6.51. 


Ger P. 809812. Process for the production of chlorinated hydrocarbons. Solvay & 
Cie., Brussels. 7.2.50. Granted 23.5.51. [Prior. Belgium 26.4.49.] Brennstoff- 
Chemie, 1951, 82, 13-14. 


Ger P. 808058. Process for the gasification of granular, especially fine granular, tar- 
forming coals with a high ash content. (F. Winkler.) Badische Anilin- and Soda- 
fabrik. 30.10.48. Granted 26.4.51. 


Austrian P. 167412. Regeneration of gas purifying masses. K. Pilz and A. Joklik, 
assr to Wiener Stadtwerke Wien. 23.12.48, 10.1.51. Brennstoff-Chemie, 1951, $2, 
9-10. 


Fr P. 969408. Recovery of tar acids from oils and tar oils. D. Horne, R. P. 
Marshalle, H. F. Bondy, assrs to Low Temperature Carbonization Ltd. 19.7.48, 
20.12.50. [Prior. England 24.7.47.] Brennstoff-Chemie, 1951, 32, 13-14. 


Fr P. 970040. Water-gas production. F. T. Barr, assr to Standard Oil Develop- 
ment Co. 5.8.48, 28.12.50. [Prior. America 18.11.47.] Brennstoff-Chemie, 1951, 32, 
9-10. 

Ger P. 810399. Process for the dissociation of a mixture of methane and carbon 
dioxide. (H. Haendel.) Maschinen Fabrik Esslingen. 2.12.48. Granted 31.5.51. 
Brennstoff-Chemie, 1951, $2, 13-14. 


g 
‘ | 
ig 
og 
1 
q 
q 
{ 
3 
: { 
| | 
at 
| 
» 


ABSTRACTS 501 4 


Metering and Control 


2351. Mechanical meters. A. Linford. Flwid Handling, 1951 (13), 11-14.—A 
comprehensive review is made of positive-displacement meters, and their advantages 
are compared for small bulk and easy fitting, low price, long life, accuracy at all flows, 
pressure loss, noise, stoppages due to solid particles and corrosion. D. H. 


2352. Inferential pressure meters. A. Linford. Fluid Handling, 1951 (14), 36-8.— 
Liquid meters of the helical vane or volute turbine type are more suitable for gritty 
liquids, are cheaper, and cause less pressure loss, but will not register as low a flow rate 
as the sarae capacity displacement meters. Recording and indicating mechanisms 
are described. D. H. 


2353. New low-loss differential pressure producing device. Anon. Fluid Handling, 
1951 (17), 160.—A new design of flowmeter has pressure loss less than that of a Venturi. 


Named the “ Dall ” tube and designed by George Kent Ltd., its length is 1-5 diameters. 
No disadvantages are mentioned. 


2354. Correction factors for balancing effect of a gas in one leg of a manometer. H. S. 
Bean and F.C. Morey. Oil GasJ., 19.7.41, 50 (11), 107.—A mathematical analysis of 
the balancing factor shows that it is directly dependent upon the ratio of the density 
of the gas to the density of the manometer liquid. A table shows magnitude of the 
factor for typical operating conditions ; and its application is discussed to the simple 
equal area U-type manometer and to the industrial ‘type of recording differential- 
pressure gauge having a manometer of unequal areas with a mercury and float-actuating 
element. G. A. C. 


2355. Effect of pulsations in gas measurement. E. Sterrett. World Petrol., 1951, 
22 (6), 48-9.—Pulsations in gas-meter runs due to variable fluid content of distillate 
wells or introduced by reciprocating compressors in pipeline stations persist in spite of 
elasticity of the gas. Effect on accuracy of orifice flow-meter readings may be serious. 
Factors influencing pulsation are discussed, and change in direction and volume 
chambers for eliminating pulsations are described. E. B. 


2356. Oxygen measurement as a guide to combustion efficiency. L. D. Cipriano and 
O. W. Riggs. Oil Gas J., 12.7.51, 50 (10).—A number of oxygen analyser-recorders have 
been installed at the Trenton, Mich., refinery of Socony Vacuum Oil Co, and have resulted 
in savings of up to 20% in the annual fuel bill owing to greater combustion efficiency. 

The analysers employed use the paramagnetic properties of oxygen as a basis for 
measurement. 

The oxygen analysers are also useful for measurement of flue gases from catalytic 
cracker regenerators, where too little oxygen may result in insufficient burning of 
carbon, while too much may cause serious damage to regenerator due to secondary 
burning of CO. 

Figures show gas-sampling systems and units of the oxygen analyser. G. A.C. 


2357. Keeping control valves on stream. E. Lehman and R. A. Rowe. Oil Gas J., 
2.8.51, 50 (13), 60.—Valve requisition and maintenance at the Bayway refinery of 
Esso Standard Oil Co. are described. 

Pressure ratings, corrosion and erosion possibilities, selection of plug, size and safety 
aspect on air failure, are important factors in specifying valves. 

Correct installation is very important ; one-block valves should be installed on each 
side of control valve where a by-pass is used. 

Maintenance includes coating or painting valves to prevent corrosion, inspection of 
stuffing boxes for leakage, and checking of stem and plug for full travel within correct 


operating range. G .A. C. 
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Chemistry and Physics 


2358. Addition of hydrogen sulphide to iso-pentene with aluminium chloride as catalyst. 
A. J. van Riemsdijk, J. van Steenis, and H. I. Waterman. J. Inst. Petrol., 1951, 37, 
265-9.—The addition of hydrogen sulphide to olefins under the influence of aluminium 
chloride or solutions of aluminium chloride in mercaptan and/or thioether is surveyed. 
With 2-methylbutene-2 H,S is added according to Markovnikov’s rule, and the tert- 
amyl mercaptan formed is again added to the olefin, forming di-tert-amy] thioether. 
Under the reaction conditions, tert-amyl mercaptan and tert-amyl thioether can be 
converted into each other. A. R. W. B. 


2359. Active structure of nickel-hydrogen L. Kh. Freidlin and N. I. Zimi- 
nova. Izvest. Akad. Nauk S.S.S.R., Otdel. Khim. Nauk, 1951, 145-9.—H contained in 
Ni cat can be either adsorbed (H,) or dissolved (H,). Previous experiments (cf. 
Abs. No. 1446—1951) indicated that H-free Ni is inactive; it has also been shown 
that cat promotion is due to H, and not H,. Present work was done with Ni in which 
atomic ratio H,: H,: Ni = 1:3°5:9. H, was removed by agitation at 20°C in N, 
atm with cat “‘ poison,” either 1-methylcyclopentene-1 or vinylbutyl ether being used. 
By varying amount of poison any desired quantity of H, can be removed. Activity of 
residual cat was tested by reduction of allyl ale. Such cat activity has linear relation- 
ship to amount,of H, remaining. X-ray examination of cat before and after H 
removal shows e cubic structure in both cases. Vv. B. 


2360. Reversibility and equilibrium of the contact reaction of the polymerization of 
methylene radicals. Ya. T.Eidus. IJzvest. Akad. Nauk S.S.S.R., Otdel. Khim. Nauk, 
1951, 129-32.—Published experimental findings concerning the formation of hydro- 
carbons by the Fischer-Tropsch reaction are reviewed; it is considered that the 
evidence does not support either the theory of equilibrium between polymerization of 
CH, radicals and de-polymerization of Craxford’s ‘“‘ macromolecule” (J. Soc. chem. 
Ind., 1947, 66, 440) or the carbide theory of cat action. Vv. B. 


2361. Course of the oxidation of olefins by chromic acid. W. J. Hickinbottom and 
D. G. M. Wood. Nature, 1951, 168, 33.—The initial phase in the oxidation of olefins 
by chromium trioxide in acetic anhydride consists of: (a) attack at a CH, group 
adjacent to a double bond ; (6) oxidation at the double bond. Step (b) is observed with 
all olefins; (a) occurs only in some cases. 

In support of (a), oxidation of Me,C : CMe, gives rise to Me,C : C(Me)CHO; and 
that of CH,(CH,),CH,CH : CH, to CH,(CH,),COCH:CH;. Likewise epoxides are 
the major product of the oxidation of camphene and dineopentylethylene, and the 
stability of these epoxides permits their survival during the reaction, whereas with 
other olefins the less-resistant epoxides do not survive. 

Oxidation of some olefins by chromic acid in aqueous sulphuric acid give acids 
containing the same number of C atoms as the original olefin. The envisaged 
mechanism is that the epoxide, originally formed, isomerizes to the aldehyde, which 
is then oxidized. However, due to their instability in aqueous sulphuric acid, epoxides 
have never been detected in this reaction. H. C. E. 


2362. Behaviour of nonionic surface active nie in salt solutions. T. M. Doscher, 
G. E. Myers, and D. C. Atkins, Jr. J. Coll. Sci., 1951, 6, 223-35.—Non-ionics of the 
general formula RO(C,H,O), C,H,OH, where 3<n<20 and R is an alkylaryl group 
(e.g., Triton X-100); a fatty acid residue (e.g., Renex); or a partial ester of hexitol 
anhydride and fatty acid (e.g., Tween), were examined. The following properties 
were measured in salt-free solution and in the presence of NaCl and CaCl, at various 
concentrations : turbidity, visc, solubilization of the dye Orange OT, surface tension, 
protective power, and cataphoretic velocity. 

When >30% of CaCl, is added to a 5% solution of some non-ionics a solid is pre- 
cipitated which contains CaCl,, water, and non-ionic. For Renex the molar ratio is 
3:15:1. X-ray and solubility data indicate that the solid is a definite crystalline 
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compound and not a mixture. The non-ionic surface-active agents appear to co- 
ordinate with hydrated Ca ions both in solution and at the solid—liquid interface. 
H. C. E. 


2363. Temperature gradient in a liquid burning from a free surface, and the flame 
above such liquid. G. N. Khudyakov. Izvest. Akad. Nauk S.S.S.R., Otdel. Tekh. 
Nauk, 1951, 1015-24.—Investigations described, a continuation of earlier work (cf. 
Abs. Nos. 587—1946; 1925—1950), have object of obtaining fundamental data to 
assist fire-fighting. Laboratory apparatus for measuring temp gradient within a liq 
burning at surface is illustrated and described, vessel being 16 cm deep. In addition to 
several pet fractions, alcohols and acetone were tested; temp gradient curves are 
given. Curves can be represented by equation t — t, = (t, — t))e™, where ¢ is temp 
at depth x cm, ¢, initial temp, ¢, surface temp, and k a censt having dimension cm™ 
and (for liq tested) varying from 0°31 to 1:50. & can be calc from thermal conductivity, 
sp. ht., d, and rate of burning. Cale values are compared with experimental and 
found to deviate considerably, for pale mobile liq calc val is above experimental, due to 
radiation from flame ; for heavier oils it is below, due to shielding effect of superficial 
layer of decomp products (coke, etc.). Such layer sinks to bottom periodically, due to 
increasing d as compared to that of hot oil. In heavier products flame is less steady 
than for pure compounds, and can show pulsations. Flame studies were made for 
lighter products, including analysis of gas from flame centre 1 cm above burning surface ; 
mean result for gasoline /kerosine was CH, 32%, unsaturated 7°1%, H, 3°8%, CO 67%, 
CO, 8%, O, trace. Calorimeter tests showed incompleteness of combustion to range 
from 14% (kerosine) to 27% (benzene). Vv. B. 


2864. Some aspects of fluorine chemistry. R. Lichtenberger. Bull. Ass. frang. 
Tech. Pétrole, 1951 (88), 39-51.—Lecture, reviewing briefly the entire field of F 
chemistry, both inorg and org. In former case particular mention is made of BF, 
and HF, in latter the unique properties of fluorocarbons are especially considered. 
Possibility is mentioned of F compounds (e.g., (C,F,),0) as heat-transfer media. 
V.B. 


2365. Hydrocarbon syntheses. XXIV. Synthesis of isoalkanes. P. Ya. Levina et al. 
Izvest. Akad. Nauk S.S.S.R., Otdel. Khim. Nauk, 1951, 161-5.—Synthesis was carried 
out by reaction of mesitylene oxide with Grignard reagent, dehydration of resulting 
tert alc and hydrogenation of diene thus obtained. Products were re-dist over Na in a 
forty-plate column, giving purity of 98°5 + 1%. Alkanes so obtained were: 2: 4- 
dimethyl-pentane to -nonane, inclusive ; 2 : 3 : 5-trimethyl hexane, 2 : 4: 6-trimethyl 
heptane, 2: 4: 7-trimethyl octane, and 4-phenyl-2-methyl pentane. B.p., n, d, and 
MR, for each compound are given and compared with literature data. Vv. &. 


2366. Hydrocarbon syntheses. XXV. Synthesis of alkenes containing a quaternary 
carbon atom by the method ot acetate pyrolysis. P. Ya. Levina et al. Izvest. Akad. 
Nauk S.S.S.R., Otdel. Khim. Nauk, 1951, 321-7.—4: 4-dimethylhexanol-3 yields 
(80%) the acetate (b.p.244178-5° to 180°C) on treatment (+ 40°C) with acetic 
anhydride in presence of ortho-phosphoric acid. Pyrolysis (460° to 465°C) of the 
pc yields (57%) 4: 4-dimethylhexene-2; from Raman spectra the latter was 
found to contain 96% of the trans- and 4% of the cis- forms. Ae 2 


2367. Note on dimethyl-dithienyl. W.Friedmann. J. Inst. Petrol., 1951, 37, 242-4.— 
Products of the reaction between di-isvamyl and sulphur boiling at 260° to 265° C 
have been re-examined. A. R. W. B. 


2368. Solvent extraction: graphical calculation of quaternary equilibrium data. 
A.V. Brancker. Industr. Chem., 1951, 27, 243-8.—A graphical method for calculating 
quaternary equilibria for the system acetone-water-vinyl acetate—acetaldehyde is 
presented, using experimental ternary equilibrium data for the two systems acetone- 
vinyl acetate-water and acetaldehyde—vinyl acetate-water. Experimental data for 
the quaternary system are available. Calculated and experimental results are in good 


agreement. A. C. 
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2369. The conductivity of hydrocarbon transformer oil containing water and solid 
conducting particles. A.W. Stannett. British J. Appl. Phys., 1951, 2 (4), 110-14.— 
The D.C. resistivity test is used to determine the quality of transformer oil in service. 
A suspension of water in oil increases the D.C. conductivity owing to the transport of 
charge by water droplets oscillating between the electrodes. When the resistance of a 
wet oil is measured a plot of log resistivity against temp has the shape of an inverted V. 
A few parts per million of water in suspension can be detected in this way. Solid 
conducting particles in the oil give a similar resistance—temp curve, but the resistance is 
of a lower order of magnitude. While it is reasonable to assume that an inverted-V 
characteristic is indicative of the presence of water, it is unsafe to assume that a low- 
level resistivity curve denotes the presence of solid conducting particles. Weak acids 
due to oxidation give similar curves, although these, if present, would probably be 
detected chemically. J.T. 


2370. Absorption spectra of water vapour and carbon dioxide in the region of 2-7 
microns. W.S. Benedict and E. K. Plyler. Bur. Stand. J. Res., 1951, 46 (3), 246-65. 
—tThe absorption due to atmospheric H,O and CO, in the region of 2°7u has been 
measured under higher resolution than previously reported. By using a 15,000-line 
grating and a lead sulphide photo-conductive cell, some 450 lines have been measured 
between 2°43 and 2°87. J.T. 


2371. Temperature variation of mass spectra of hydrocarbons. R. M. Reese, V. H. 
Dibeler, and F. L. Mohler. Bur. Stand. J. Res., 1951, 46 (2), 79.—Measurements have 
been made in the temp range of 100° to 300° C on a number of selected mass peaks in 
the spectra of twenty-one compounds. The sensitivity (current per unit pressure) 
of the max peak and the ratio of other peaks to the max peak have been measured as a 
function of temp of the ion source. The percentage change of sensitivity or of pattern 
per °C at 250° C has been defined as the temp coefficient. This changes very little 
with temp. The temp coefficients ofs ensitivity for A and N, are —0°23 and —0:18. 
Sensitivity coefficients of the max peaks of the hydrocarbons range from —0-2 to 0; 
and pattern coefficients of most of the peaks have small negative or positive values 
but the molecule ions have larger negative coefficients up to —1:5% per degree. 
There is an inverse correlation between the size of the molecule ion peak relative to the 
sum of all the peaks and temp coefficients. Spontaneous dissociation of molecule ions 
because of thermal energy can account for this correlation between peak height and 
temp coefficient. Published appearance potential data for a few of these molecules 
give a basis for computing the stability of the ions and show that thermal dissociation 
is to be expected at 200° to 300° C. J.T. 


2372. On side reactions occurring in the Friedel-Crafts ketone synthesis. L. Szederes. 
Hungarian J. Chem., Aug. 1950, 56 (8), 287-91.—Experiments proved that when 
anisol and propionyl chloride react in the presence of water-free aluminium chloride, 
the phosphorous trichloride contained in the acid chloride does not take part in the 
formation of the obtained propene derivative. Unsaturated compounds are formed 
when the propionyl chloride-aluminium chloride complex is relatively low as compared 
with that of anisol, i.e., if working in a heterogeneous phase, and if large lumps of 
aluminium chloride are subsequently added to the reaction mixture. The quantity 
of the unsaturated compounds formed is determined by the complex formation speed 
as well as the ratio of formation velocity of the ketone formation and of the un- 
saturated compounds. The presence of alkoxy radical is essential, since, e.y., benzene 
and propiony] chloride do not react in this manner. HT .:A; 


2373. Heats of combustion, formation, and isomerization of ten C, hydrocarbons.’ 
XE. J. Prosen, F. W. Maron, and F. D. Rossini. Bur. Stand. J. Res., 1951, 46 (2), 
106.—The heats of combustion of ten C, hydrocarbons have been measured by com- 
bustion of the gaseous hydrocarbon in a flame of constant pressure in a glass reaction 
vessel in a calorimeter. For the standard heat of combustion, — AH° C, at 25° C 
and constant pressure, of the gaseous hydrocarbon in gaseous oxygen to form gaseous 
carbon dioxide and liquid water, with all the reactants and products in their thermo- 
dynamic standard reference states, the experimental data gave the following values : 
in k.cal/mol ; n-butane, 687-42 + 0°15; 2-methyl-propane, 685-37 + 0°11; 1-butene, 


| 
‘ 
4 
a 
q 
H 
q 
4 
| 
: 
4 
q 
al 
a 
> 


505 A 


649°33 + 0°18; cis-2-butene, 647°65 + 0°29; trans-2-butene, 646°90 + 0°23; 2- 
ethylpropene, 64519 + 0°25; 1: 2-butadiene, 619°93 + 0°13; 1: 3-butadiene, 607-16 
+ 0°18; 1-butyne, 620°64 + 0°20; 2-butyne, 615°84 + 0°23. Values of heats of iso- 
merization, formation, and hydrogenation have been derived from these data. J.T. 


Analysis and Testing 


2374. Analysis of mixtures of olefin hydrocarbons produced by codimerization of 
butenes. A. R. Glasgow, Jr. Bur. Stand. J. Res., 1951, 46 (1), 43.—The analysis 
with respect to individual components of three mixtures of olefin hydrocarbons is 
described. ‘These were produced by the combination of mixed butenes in a tubular- 
type reactor with phosphoric acid as catalyst. The analyses were made by utilizing 
distillations at high efficiency with high reflux ratio, with accurately measured values 
of the boiling point and refractive index of fractions of distillate, and with separation 
by adsorption of the paraffin portion of selected distillate. J.T. 


2375. Development of spectroscopic methods for analysis of petroleum products. 
H. Luther. LErdél u. Kohle, 1951, 4, 387-94.—A survey of technique, advantages, 
and limitations of U.V., infra-red, Raman, and mass spectroscopy as applied to analysis 
of pet products; the importance of such methods has only recently received attention 
in Germany. U.V. absorption methods will retain their usefulness in determination of 
olefins, dienes, and aromatics, but further developments in the field of pet analysis are 
not foreseen. Mass spectrometry has its main application in investigation of industrial 
gases and of lower-mol.-wt. hydrocarbons. With infra-red analysis, olefinic and 
paraffinic hydrocarbons up to C,; may be determined with +0°4% accuracy. Analysis 
of higher-mol.-wt. compounds by this method is still in the experimental stage. 
Greatest scope is offered by infra-red and Raman procedures, the choice of either 
being governed by the nature of compounds analysed and by the aims of analysis. 
Well-defined Raman line spectrum is preferable to the often distorted infra-red absorp- 
tion-band spectrum in the qual analysis of colourless liquid multi-component mixtures ; 
the opposite is true in the case of gases, liquids with high absorbing powers, and certain 
solids. Extinction of infra-red absorption bands varies exponentially with concentra- 
tion of absorbent, but intensity of Raman line spectra varies linearly with same. 
Thus, lower concentrations are better analysed by infra-red spectrometry. Hydro- 
carbon groups containing up to >C,, straight- and side-chains and also ring structures 
are discussed, and methods for analysing complex mixtures described. Examples 
are given of application of spectroscopic analysis to pet refining and synthetic oil 
manufacture; mention is made of additive determinations in mineral oils. A com- 
prehensive review of numerous spectroscopic data applied to wide mol.-wt. ranges is 
quoted. Forty-five references. 


2376. Rapid iodometric method for determining lead tetra-ethyl in aviation gasoline. 
H. Preis. Schweiz. Arch. Ang. Wiss. Tech., 1951, 17, 219-22.—Method is based on 
stoichiometric reaction in hydrocarbons between T.E.L. and I. This reaction is 
complete within 1 min, and addition of KI stops further reaction of I and olefins. 
Method is valid for gasolines having Br. No. +0-°02, with higher Br. Nos. T.E.L. 
result is too high. Procedure: 5 ml gasoline + 25 ml EtOH, add with shaking 
excess (to amber colour) of 0°02N alc I soln (1 ml = 0°00195 ml T.E.L.), after 40 sec 
add 100 ml 1% aq KI, shake well, titrate I with Na,8,0,. Data on which procedure is 
based are given and discussed, also comparison table showing good agreement with 
‘ ASTM Method D 526. V. B. 


2377. Determination of individual components of straight-run gasolines by a combined 
method. G.&. Landsherg and B. A. Kazanskii. JIzvest. Akad. Nauk S.3.S.R., Otdel. 
Khim. Nauk, 1951, 100-14.—Method is described for the complete quant determina- 
tion (in two to three months) of all aromatics, paraffins, and naphthenes in S8.R. 
gasolines with b.p. > 125°C, with some qual results and quant indications for 
range 125° to 150° C or even higher. Procedure (shown diagrammatically) is to re- 
fractionate wide cut into three fractions containing gas (analysed by Podbielniak 
procedure), liquids from I.B.P. to 50°C (analysed by re-dist and optically), and a 
50° to 150° C cut. Aromatics are removed from latter by adsorption on Si gel, eluted 
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therefrom with EtOH and analysed optically. Remaining aromatic-free paraffin /naph- 
thene mixture is cat dehydrogenated at 300° C using special Fe-modified Pt cat which 
selectively reduces six-membered naphthenes to aromatics with min formation of 
paraffins from five-membered cyclanes present. Aromatics thus formed are separated 
by adsorption procedure previously used and analysed as before. Remaining paraffins 
are carefully fractionated into narrow cuts and analysed optically. Optical procedure 
used throughout is Raman spectra, recording is either photographic or photo-electric, 
former is more sensitive and slower, latter has greater accuracy and speed. Individual 
hydrocarbons are identified by comparing spectra found with that of known pure 
compounds, method will develop as collection of spectral data on pure hydrocarbons is 
extended. Requirements of the optical equipment necessary are discussed. V. B. 


; 2378. Formulas and graphs for representing the interchangeability of fuel gases. 
‘ E. R. Weaver. Bur. Stand. J. Res., 1951, 46 (3), 213-45.—When gas appliances have 
: been adjusted to give satisfaction with a gas of one composition, and are then supplied 
: with gas of a different composition, changes are usually noted in the characteristics of 
the flames produced. When no change can be seen or measured, the gases are said to 
‘ be “ exactly interchangeable.” When undesirable changes do not occur to a greater 
extent than the person using the term thinks permissible, the gases are usually still 
called ‘‘ interchangeable ” with the omission of the adverb. No entirely satisfactory 
method has ever been found for predicting or representing the extent to which different 
gases depart from exact interchangeability. Here a set of six ‘‘ indexes ”’ is given for 
specifying and predicting from the composition of any two fuel gases the extent of the 
effects that occur when one is substituted for another. They are shown to represent 
the results of dbliereedieis better than any method previously proposed. J.T. 


2379. Testing of knock resistance of Otto fuels. Anon. Erdél u. Kohle, 1951, 4, 
501-2.—Draft German standard DIN 51756. CFR Motor (F-2) and’ Research ee 
methods are prescribed. V.B 


2380. DIN draft standards for tests for liquid fuels and lubricants. Test for 
tendency according to Conradson. H. Umstatter. Erdol u. Kohle, 1951, 4, 496-7.— 
DIN 51551 is reproduced. This is based on corresponding ASTM procedure with 
modification of apparatus dimensions to metric units; somewhat narrower tolerances 
are prescribed, as it is considered that doubts expressed as to value of this test may be 
due to excessive differences in apparatus dimensions. Preference for the more 
involved Ramsbottom procedure is not considered justified. V. B. 


2381. Determination of water in opaque petroleum products by the Karl Fischer 
reagent. C.G. Scott. Analyst, 1951, 76 (901), 237.—The reagent is modified by the 
replacement of methyl alcohol by ethyl alcohol. This has the effect that the liquid 
two-phase system formed during titration is eliminated and the excess of iodine, to- 
gether with other reaction and degradation products, is precipitated out of solution 
and adheres to the sides and bottom of the reaction vessel. Consequently the colour 
change from yellow to red-brown, corresponding to the completion of the reaction of all 
the water present, is clearly seen. a. T. 


2382. Mechanical methods of testing lubricants. R.Schnurmann. Trans. Instrum. 
& Measurements Conf., Stockholm, 1949, 154-64.—A study of the bases of mechanical 
methods of testing lubricants. Hydrodynamic lubrication involves, in addition to the 
measurement of visc and visc temp dependence, the determination of shear stability 
at high rates of shear, the assessment of temporary vise reduction owing to flow 
orientation of elongated mols, and of permanent visc loss due to mechanical degradation 
of the largest mols in the lubricant. Methods of measuring these losses are indicated. 

In the field of boundary lubrication evaluation can be effected by measuring the 
frictional force, or, in those areas where Amonten’s law applies, measuring the rate of 
wear as a function of the normal load. It is contended that there is no experimental 
evidence for the existence of a definite ‘“‘ breakdown load” for any lubricant; on 
the contrary there is a continuous transition from sliding | to tearing, with no physical 
mechanism to justify the use of the term “‘ film strength.” J.G. H. 
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2883. Stability test of motor lubricants. D.J.W. Kreulen. J. Inst. Petrol., 1951, 87, 
316-23.—The merits of the strip test for the differentiation of motor lubricants have 
been examined and some improvements introduced. Preliminary tests have shown 
that the material and the surface condition of the strip influence the results, but it has 
been confirmed that this test enables distinctions to be made between oe premium, 
and H.D. lubricants from the same base stock. R. W. B. 


2384. U-tube cold tests on mineral oils. W. Fritz. Hrdél u. Kohle, 1951, 4, 394-8.— 
U-tube cold test prescribed by German railways is considered in detail. To pass this 
test oil must, under 50 mm water head, flow at ¢10 mm/min at prescribed temp. 
Tube dia is 6 mm, small variations in latter (+ 0°3 mm) are not significant. Resulting 
from study made, a more rigid test procedure is suggested, and it is recommended that 
rate of flow (mm/min) be plotted against temp to give curve indicating behaviour of 
oils in this test ; for such curve three points should be determined, e.g., temp at which 
flow rates of 5, 10, and 20 mm/min are obtained. Test accuracy is +2° C for temp 
at which flow rate is 10 mm/min and +3 to +5 mm/min for rate of flow at a pre- 
scribed temp. Comparisons (on seven oils) of above test, standard German cold test 
(setting pt. (“‘ Stockpunkt ’’) DIN 53662), and setting pt. (IP 54/42) show little relation 
between first two, although U-tube test is usually appreciably higher than setting pt. ; 
latter is on average 3° C above IP setting pt. Vv. B. 


2385. N.L.G.I. dispensing test. T.G. Roehner. Institute Spokesman, May 1951, 15 
(2), 7-13.—Background data are presented on the development of the N.L.G.I. dis- 
pensing test, which is part of a method for rating grease-dispensing equipment in terms 
of the properties of the greases it will dispense, and which i is at present limited to tests 
in 100-lb drums and to automotive greases. The test provides for measuring the 
delivery rate under conditions of free flow and restricted flow over a range of temp. 
The apparatus, procedure, and method of reporting are described in detail, the results 
being reported as oz/min. J. G..H. 


2386. Analytical methods for hydroxy acid greases. M. P. Benitez and H. A. Levey. 
Institute Spokesman, June 1951, 15 (3), 28-9.—The importance of 12-hydroxy stearic 
acid in the preparation of metallic soaps for grease-making is emphasized, and methods 
are presented for the quantitative determination of hydroxy fatty acid soaps in greases, 
separation being effected by preferential solubility ; details are also given for deter- 
mination of acetyl value. J.G. H. 


2387. DIN draft standards for insulating oil tests. H. Umstatter. Zrdél u. Kohle, 
1951, 4, 496, 498-500.—Following three standards are reproduced: DIN. 51553, 
resistance to conc H,SO, (‘SK No.”’). Equal vol of oil and 96% H,SO, are agitated 
at room temp, and % vol increase of H,SO, layer noted. Views as to advisability of 
including this test in proposed standard are divided. It is, however, used by several 
Customs authorities as a measure of degree of refining, since it excludes the selective 
differentiation between light and heavy ends of narrow fractions such as occurs in 
solvent refining. DIN 51554, Baader ageing test. 60 ml oil is heated (48 hr at 95° C) 
with carefully controlled stirring in presence of 300 mm of 2-mm-dia Cu wire; water- 
cooled reflux condenser is fitted to oxidn vessel. Sap. val. of oil is determined at end 
of test. DIN 51555, tar value. This older method is still included in view of accumu- 
lated data based thereon. 150 g oil is heated (70 hr at 120° C) with passage of O, 
(2 bubbles/sec through 3-mm-dia tube). Aged oil is quant tested for benzene-sol tar 
and qual examined for sludge and ppt insol in alc NaOH. Vv. B. 


2388. The preparation of specimens of bitumen, etc., for the penetration test. T. Adam- 
son. J. Inst. Petrol., 1951, 37, 270. A. R. W. B. 


2389. Surface area determination by adsorption of nitrogen from nitrogen—helium 
mixtures. W. V. Loebenstein and V. R. Deitz. Bur. Stand. J. Res., 1951, 46 (1), 
51.—A new apparatus and technique have been developed in which vacuum pumps and 
associated equipment are not required. J 


4 


| 

| 

4 

| 


508 a ABSTRACTS 


2390. An apparatus for studying auto-ignition of engine fuels : Results with normal 
heptane and normal hexane. W. J. Levedahl and F. L. Howard. Bur. Stand. J. Res., 
1951, 46 (4), 301-9.—A single-cylinder ASTM-CFR fuel-testing engine with a variable 
C.R. has been modified to facilitate the study of compression-ignition of homogeneous 
fuel-air mixtures. An investigation of this type of combustion may lead to a better 
understanding of engine knock. A cylinder-pressure limiter is described that permits 
firing a small number of cycles, the first of which is uncontaminated by exhaust gases. 
Pressure-crank angle oscillograms of the process are shown. The combustion of 
n-heptane and n-hexane was found to take place in two distinct stages over a wide 
range of fuel-air ratios. The pressure at which the first-stage reaction begins is 
relatively unaffected by the mixture composition throughout the firing range. The 
second, or firing, stage occurs most readily at fuel-air ratios near stoichiometric, and 
ionization during firing is highest in this range of mixture compositions. No ionization 
was observed during the first stage of combustion with either fuel. BBS: af 


2391. A new mini-gas calorimeter. R. P. Donnely and R. Broadbent. Fuel, Aug. 
1951, 30 (8), 178—81.—A description and illustrations are given of the mini-gas calori- 
meter, and the technique employed is described. The sample is measured by a soap- 
film flowmeter into a simple type of heat exchanger, and is burnt in the presence of 
oxygen in heat exchange with water, the rise in temperature of which is measured. 
The calorimeter uses only 200 ml/min, and responds instantly to changes of calorific 
value. It is accurate to within 0°1%. The effect on the accuracy of the relation of 
ambient temp to the temp of the water supply to the calorimeter is discussed. 


2392. Diaphragm-type micromanometer for use on a mass spectrometer. V. H. 
Dibeler and F. Cordero. Bur. Stand. J. Res., 1951, 46 (1), 1.—This device is capable 
of measuring pressures in the range of | to 100 with a sensitivity of about 0°ly on the 
55u scale. The displacement of the thin diaphragm is measured by the change in 
mutual inductance of two coils mounted above the centre of the diaphragm. J.T. 


Crude Oil 


2393. Classification of crude petroleum. E. S. Sellers. Industr. Chem., 1951, 27, 
291-4.—Chemical composition of crudes is considered. Classification by U.S. Bureau 
of Mines method, characterization factor, and correlation index are described. On the 
basis of last method properties of dist products from Middle East and Gulf Coastal crude 


are forecast. E. B. 


2394. Investigation into the olefinic components of a Pennsylvanian crude oil. F. A. 
Haak and K. van Nes. J. Inst. Petrol., 1951, 37, 245-54.—Both trans-olefins and 
a’-olefins were detected spectroscopically in Pennsylvanian crude oils. Of the chemical 
methods of analysis, titration of olefins with perbenzoic acid proved satisfactory, and 
comparison of these results with spectroscopical data showed that types of olefins not 
detectable by infra-red spectroscopy must be present. Cyclic non-aromatic olefins 
in 100% concen were isolated chromatographically from a distillate fraction of a 
Pennsylvanian crude, but the non-cyclic, non-aromatic olefins present in this fraction 
could be isolated only partly. A. R. W. B. 


Gas 


2395. Italy’s natural gas industry. ©. Wiedenmayer. Erdol u. Kohle, 1951, 4, 
{05-8.—The natural-gas industry in Italy has undergone great development during 
1950. Before the second world war little use was made of these resources, hydro- 
electricity being the main source of energy. Large capital outlay on such installations 
makes any great extension unlikely, while Italian coal, mainly from Sardinia, and 
Tuscan lignite are of poor quality. These and other conditions point to even greater 
developments in natural-gas production in the near future,-as large reserves have been 
discovered since the war. A tendency to State monopoly in the Italian mineral-oil 
and natural-gas industry has prevented privately owned companies from forging 
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ahead in prospecting and capital investment. Since 1947 the State controlled and 
ECA-aided Azienda Generale Italiana Petroli (AGIP) has alone been granted new 
exploration concessions. Main producing area stretches from Polesine district of Po 
delta to Piacenza~Cremona—Lodi triangle. Total natural-gas production (millions m*) 
has increased from 117 in 1948 and 236 in 1949 to 201 during first six months of 1950. 
Geological and stratigraphic details of gas-bearing districts are given. Seven references. 


Engine Fuels 


2396. Six-membered hydrocarbons of the higher boiling fractions of Maikop gasoline. 
N. I. Shuikin, 8. 8. Novikov, and T. I. Naruishkina. Jzvest. Akad. Nauk S.S.S.R., 
Otdel. Khim. Nauk, 1951, 115-19.—Maikop gasoline (from mixed Khaduizhen and 
Apsheron crudes) containing 8% aromatics was double dist on a twenty-two-plate 
column to yield three cuts, 136° to 144°, 144° to 150°, and 150° to 156°C. Aromatics 
therein were separated by adsorption on Si gel and then oxidized with alk KMnQ,. 
Presence of following was thus deduced: ethyl-, propyl-, isopropyl-, trimethyl- 
benzene, 0o-, m-, and p-xylene, also mono- and di- (m- and p-) substituted benzenes. 
De-aromatized residue was cat dehydrogenated to reduce naphthenes to aromatics, 
which were then treated as previously. This showed presence of following cyclo- 
hexanes: ethyl-, 1: 2- 1: 3- and 1: 4-dimethyl-, propyl-, isopropyl-, 1 : 2- 1: 3- and 
1 : 4-methylethyl-, and trimethyl-. Support for the findings of chemical analysis was 
given by Raman examination of the aromatic products separated. Vv. B. 


2397. Patent. Fr P. 967499. Additive for motor fuel. E. D. Reeves, assr to 
Standard Oil Development Co. 10.6.48, 3.11.50. (Prior. America 8.9.47.] Brenn- 
stoff-Chemie, 1951, 32, 9-10. R. T. 


Gas Oil and Fue! Oil 


2398. Studies in shale oil. Pt I. Some properties of the gas oil fraction. G. Nottes 
and G. E. Mapstone. J. Inst. Petrol., 1951, 37, 259-64.—Treatment of the gas-oil 
fraction of Glen Davis shale oil with conc sulphuric acid appears to effect an essentially 
complete removal of olefins and aromatics if followed by distillation to remove olefin 
polymers, Complete solution of the oil on successive treatment with oleum indicated 
the normal paraffins by this reagent. Chlorsulphonic acid also dissolved more of the 
oil than conc sulphuric acid. Treatment with urea showed the presence of 27% by wt 
of straight-chain compounds in the oil, of which 11-7% were paraffins. A. R. W.B. 


Lubricants 


2399. Additive depletion. Anon. Scientific Lubrication. Feb. 1951, 3 (2), 13-14.— 
While the advantages of using detergent additives in highly stressed I.C. engines are 
generally appreciated, limitations are experienced on account of additive depletion, 
rendering impracticable the extension of oil-drainage intervals. Operating data on 
diesel engines are presented, indicating the changes taking place in the effectiveness of 
detergent oils after noted running periods and detailing the results of adding concen- 
trated additive, i.e., base oil with five times the additive. content of the original oil, 
after 5000 or 6000 miles running. Results so obtained reduce oil-drainage operations, 
new lubricating oil costs, and the accumulation of drainings. It is suggested that 
further economies may be possible by doubling the original additive content of the oil, 
and so eliminating the topping-up process. J.G. H. 


2400. Aircraft lubrication 3.—Lubrication of ‘the airframe. K. C. Hunt. Scientific 
Lubrication, Feb. 1951, 3 (2), 20-6.—Aircraft lubrication largely comprises the lubrica- 
tion of slow-speed bearings, high-speed bearings, and the provision of hydraulic fluids 
as power-transmission media. Details are given of relevant British official specifica- 
tions, and the special requirements of individual components are indicated. Note is 
also made of the difficulties occasioned by the necessity for the development of 
specialized lubricants for which there can be only a relatively limited demand. 
J.G. H. 
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2401. Engine oil viscosity and vehicle fuel consumption. A.T.W. Wilford. Scientific 
Lubrication, Feb. 1951, 3 (2), 10-12.—The wide range of viscs encountered in the 
satisfactory lubrication of I.C. engines indicates that the visc of an engine lubricating 
oil is not critical, and the effect of temp on operating conditions and on fuel con- 
: sumption is noted. Details are presented of large-scale tests using SAE 20 W and 
: lower-vise oils in C.I. engines. These resulted in an appreciable saving in fuel con- 
. sumption without detriment to engine performance or life with a small increase in oil 
consumption. The possibility of further fuel economy by the reduction in vise of 
transmission and rear-axle lubricants is also touched on. J.G. H. 


2402. The role of peroxides in the corrosion of lead by lubricating oils. B.S. Wilson 
and F. H. Garner. J. Inst. Petrol., 1951, 37, 225-38.—The corrosion of lead by 
lubricating oils undergoing oxidation at 150° C has been investigated. It has been 
shown that the peroxides generated in white oils are capable of effecting corrosion in 


i the absence of air, provided that acids are present, and that, whilst the presence of 
oxygen is necessary for maximum corrosion, peroxides still have a controlling influence 
upon the rate of corrosion. For engine oils the curves for peroxide content and rate of 


corrosion showed some similarity during continuous-oxidation experiments, but there 
was no similarity between either of these sets of curves and the curve for acidity. 
After a period of oxidation in the absence of lead, the engine oils were highly corrosive 
to lead, but this heavy rate of attack decreased quickly if they remained in contact 
with the metal. A theory has been put forward to explain this effect of atmospheric 
oxygen on the rate of corrosion of lead under these conditions. A. R. W. B. 


2408. Review of rolling bearing lubrication. E. Kadmer. Jrdél u. Kohle, 1951, 4, 

332-6.—Various types of roller and ball bearings are described and illustrated and 

their detailed construction and operation compared. Requirements for a suitable 

bearing grease are listed and discussed; oil lubrication of rolling bearings is also 

considered. Effects of friction, temp, load, and r.p.m. on efficiency of operation and 

- life expectancy of bearing lubricants are mentioned. Tabulation is given of main 

ra : physical and chemical properties of greases according to the predominant base radical 

-. (Na, K, Li, Ca, Mg, Ba, Al) present. Pe¥: 


2404. Recommendations for choice of rolling-bearing lubricants. P. Eschmann and 
G. Lohmann. Lrdélu. Kohle, 1951, 4, 399-402.—Factors affecting choice of lubricants 
are size of bearing, number of revs as function of bearing velocity, load, operational 
temp, and seal. These are discussed with reference to their influence on design and 
operation of various types of bearings. Very comprehensive tabulation of optimum 
bearing lubricants for a large number of applications is given, classification being made 
according to: bearing size (up to 240 mm O.D.), r.p.m. and load (both for normal and 
excess values), and operating temp (—50° to 180°C). Lubricating greases and oils 
are graded according to soap basis and visc at operating temp respectively. Special 
cases are also considered. PN. 


2405. Influence of chemical composition of lubricating oil on the manufacture of 
lubricating grease. C. J. Boner. Institute Spokesman, Apr. 1951, 15 (1), 7-19.— 
Previous neglect of consideration of the effect of the composition of mineral oil used 
on the structure of the resulting lubricating grease is remarked, and details are presented 
of a series of tests carried out to correlate lubricating-oil structure with the properties 
of resulting grease. Full data are included on the oils and soaps used and on the 
compounding procedure adopted. Aluminium, calcium, lithium, and sodium soaps 
« were used in conjunction with twenty-seven oils representing Pennsylvanian, Coastal, 
Californian, Mid-Continent, and East Texas crudes. Results obtained indicate that 
the use of high V.I. oils presents difficulties, as does also the presence of glycerine. 
It is also suggested that the aniline point of the oil may be used as an index of solvency 
for soaps. J.G. H. 


2406. Evolution and use of synthetic greases. E.M. Glass and B. Rubin. Institute 
Spokesman, Feb. 1951, 14 (11), 7-18.—The development of synthetic greases for 
U.S. air force use is outlined, and details are presented of relevant specifications. 
Characteristics of synthetic greases in current use are enumerated and their per- 
formance as E.P., high-temp, and low-temp lubricants is discussed together with the 
special properties of silicone greases. J.G. H. 
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2407. Complexes in lubricating oil greases. E. Amott and L.W.McLennan. Institute 
Spokesman, Mar. 1951, 14 (12), 7-12.—The extensive use is remarked of soap modifica- 
tions, i.e., hydrated soaps, basic soaps, and soaps associated or combined with various 
other polar compounds as complex soaps in the formulation of lubricating greases, and 
some indication is given of the special properties thereby obtained. Complexes 
considered in detail include lead soap-lead glyceroxide, barium soap—barium acetate, 
calcium soap-calcium acetate, and calcium soap-calcium chloride, preparation, 
properties, and X-ray-diffraction patterns being detailed in each case. The effect of 
complexes on the solubility and stability of soaps in oil is discussed, and their applica- 
tion to compounded products for rust prevention or metal cutting is indicated. 
J. G. H. 


2408. Evaluation of the anti-wear properties of gear greases. N.J. Ninos. Institute 
Spokesman, June 1951, 15 (3), 8-27.—Results are reported of an investigation to 
determine the possibilities of the Navy Gear Wear Tester as a means of evaluating 
synthetic low-temp greases. The development of the Navy Gear Wear Tester, which 
uses helical gears as test pieces, is outlined, and the procedure used in testing greases is 
described. Data are presented on the greases employed and on the gear materials 
used, together with the mathematical basis adopted for the comparison of grease 
performance. Other points discussed include the effect of additives on wear, and the 
correlation of results obtained with full-scale aircraft actuator tests. From the data 
so obtained it appears that the Navy Gear Wear Tester affords a sensitive means 
of evaluating anti-wear characteristics of greases for brass-on-steel applications, with 
promising results for other bimetallic combinations and for determining the effects of 
additives on wear rates. Results obtained on the equipment show good correlation 
with results on full-scale large aircraft actuators using a phosphor-bronze screw unit ; 
limited work done shows no apparent correlation with tests on small aircraft actuators 
where 24ST aluminium-on-steel is used. J. G. H. 


2409. Notes on the lubricating effect of colloidal graphite. E. A. Smith. J. Inst. 
Petrol., 1951, 87, 255-8.—The lubricating effect of graphite in the form of dry films and 
as a colloidal dispersion in oil is discussed with reference to the results obtained on five 
types of friction testing machine. A. R. W. B. 


2410. Lubricating oil dilution on tractor fuel operation of spark-ignition engines. 
W. Hampp. £rdél u. Kohle, 1951, 4, 486-91.—Dilution problems and difficulty of 
determining dilution with heavy fuel are discussed. One suggested procedure is to 
steam-distil off fuel to temp of 80% volatility and combine result with visc compared 
with calibration chart for new oil + varying proportions of end 20% of fuel. Bench 
tests on 2°2-litre vaporizer-equipped Jeep engine with C.R. reduced from 6-48 to 4°8 
showed following power and fuel-consumption figures (gasoline at 6°48 C.R. = 100): 
gasoline 81-3, 119; tractor fuel 52°3, 125; gas oil 45, 155. Road test results on five 
cars fitted with three types of vaporizers showed no direct damage due to fuel dilution, 
although some indication of increased wear was obtained. Using a dual-fuel system 
recommendations are operation on tractor fuel only at }—-} load, proportion of tractor 
fuel > 50% only at coolant temp > 80° C, at latter < 65° C and when idling gasoline 
operation only. Continuous regeneration of lub. oil on vehicle at low temp under vac 
is best technical procedure, but at present uneconomic. V.B 


2411. Patents. Fr P. 968596. Additive for mineral lubricating oils. R. C. Barton, 
R. F. Bergstrom, and J. M. Plantfeber. N.V.de Bataafsche Petroleum Maatschappij. 
1.7.48, 30.11.50. [Prior. Holland 1.7.47.] Brennstoff-Chemie, 1951, 32, 9-10. 

Fr P. 968565. Lubricating products with a mineral oil base. ‘ Shell” Refining 
and Marketing Co, Ltd. 30.6.48, 26.4.50, 30.11.50. ([Prior. England 30.6.47 and 
10.5.48.] 

Fr P. 968596. Lubricating composition. N. V. de Bataafsche Petroleum Maat- 
schappij. 1.7.48, 26.4.50, 30.11.50. [Prior. Holland 1.7.47.] 

Fr P. 969181. Production of viscous lubricating oils. F. M. Leger and A. N. 
Sachanen, assrs to Socony-Vacuum Oil Co., Inc. 13.7.48, 15.12.50. [Prior. America 
17.7.47, 26.9.47.] 

Ger P. 810055. Highly viscous lubricants. (G. Lange.) Chemie, G.m.b.H. 
Witten 4.9.49, Granted 31.5.51. Brennstoff-Chemie, 1951, 32, 13-14. R. T. 
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Bitumen, Asphalt, and Tar 


2412. Effective protection of structures with natural asphalt mastic. O. Martin. 


Bitumen, Teere, Asphalte, Peche, 1951, 7 (2), 170-3.—Brief historical notes on the use 
of asphalt are given in which the earliest reference is connected with the Tower of 
Babel. In Germany natural asphalt, which was favoured, was first used in 1843. 
Procedures are described in detail for the sealing of structures against earth moisture 
and underground water. Examples are given of the types of sealing with photographs 
and sectional drawings. The sealing compositions are given for the individual cases. 
R. T. 


2418. Coal tar. H. Mallison. Bitumen, Teere, Asphalte, Peche, 1951, 6 (2), 131-4.— 
The composition of coal tar and the production of dist and prepared tars are 
discussed. The most important properties of road tars are visc and b.p. Hallberg’s 
method for vise determination enables the type of foreign tars to be judged. The 
middle oil obtained by dist from 170° to 270° C confers important binding properties on 
road tars. Swiss and German specifications require a dist temp up to 350° C, but 300° C 
corresponds better to road application. Briquet pitch is cale on the soft. pt. 67°C. 
The black flakes contained in the brownish oil medium in road tars consist of high- 
mol resins insol in tar oils and resembling lampblack. The medium-mol resins are 
pptd by benzole from solution, the low-mol resins by methanol. The medium- and 
low-mol oils are separated in the remaining solution by dilution with water. This 
separation into five fractions is more conclusive than pptn with pyridine or benzole. 
A procedure by Dickinson, similar in principle but differing in operation, is compared 
diagrammatically with that of Mallison. With five variables a graphical representa- 
tion cannot be given directly : the presentation is given therefore in a rectangular 
co-ordinate system, in which the separate regions of the different sorts of tar and pitc 
are clearly recognizable. R. T. 


2414. Coal tar coating materials and plastic masses and their application for corrosion 
and structure protection. K. Meyer. Bitumen, Teere, Asphalte, Peche, 1951, 7 (2), 
165-9.—Normal coal-tar pitches can be used for corrosion and structure protection 
where no severe temp effect or mechanical stressing occurs. Where protective coatings 
are subjected to severe temp variations, or are stressed through external forces, special 
pitches must be used. It is not permissible to coat cast-iron or steel pipes with highly 
plastic masses, since they are exposed to high temp in summer and to mechanical 
stresses in transport. Various theories of the internal structure of coal-tar pitches are 
discussed. By changing the No. of micelles and their size it is possible to improve 
the plasticity of tar pitch vastly. Fillers exert little effect, but the plastic properties 
may be improved by soluble additions or by changing the colloidal structure. For the 
former organic colloids are used which improve the plasticity additively or by forming a 
labile colloidal mixed system by flocculation. Natural asphalt, petroleum bitumen, 
or organic synthetics may be used. The difference in constitution of tars and bitumens 
as shown by their solubilities in organic solvents is utilized in road construction by 
using cut-back bitumen, a solution of bitumen in tar oils. This procedure improves 
the plastic properties of tar pitch by changing the colloidal structure. It produces an 
increase of the plastic temp region by changing the number and size of the micelles. 
R. T. 


2415. Patents. Finnish P. 24682. Coating materials for roads. M. Ilveskorpi. 
25.9.48. Granted 30.11.50. Brennstoff-Chemie, 1951, 32, 13-14. 


Ger P. 807418. Process for the working-up of asphaltic and resinous mineral oils, 
tars or their high-boiling fractions. (G. Free.) Badische Anilin- and Sodafabrik. 
13.2.49. Granted 19.4.51. 

Ger P. 807689. Process for the production of tar oil products rich in acid con- 
stituents. (H. Wille and A. Marx.) Ges, f. Teerverwertung. 6.1.50. Granted 
26.4.51. 


Ger P. 807690. Process for the working-up of tar oils. (E.Moehrle and L. Rappen.) 
Ges. f. Teerverwertung. 17.12.48. Granted 26.4.51. Brennstoff-Chemie, 1951, 32, 
9-10. R. T. 
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Special Hydrocarbon Products 


2416. Revision of VDE 0370, specification for insulating oils. L. Maurer. 2rdél u. 
Kohle, 1951, 4, 410-12.—Main reasons for changes in draft spec are outlined, and 
draft of associated DIN standard (51507) for insulating oils is given. Scope is restricted 
to pure mineral oils (excluding inhibited oils) for use in transformers, converters, 
and switches. Ageing test prescribed is now the Baader procedure using Cu cat; 
max sap. val. 0°3 after ageing. Dielectric strength for new dried oil has been raised 
to 50 kV (transformer and converter oils) or 30 kV (switch oils), using 2°5-mm gap. 
Other requirements include d,, 0-900 max, flash 145°C min, vise max 3800 cs at 
—30° C, 45 cs at 20° C, neut. No. 0°05 max, absorption in cone H,SO, 8% max 


2417. Petroleum waxes: their use and evaluation for paper packaging. T. C. G. 
Thorpe. J. inst. Petrol., 1951, 37, 275-303.—The uses of wax in paper packaging are 
reviewed, and the wax properties of greatest importance indicated. Current practices 
adopted in assessing these properties are also illustrated. A. R. W. B. 


2418. Continuous molding of paraffin wax. L. H. Jennings, J. H.. Beard, and V. A. 
Kalichevsky. Oil GasJ., 26.7.51, 50 (12), 238.—Magnolia Petroleum Co. have modified 
a type of continuous chocolate- moulding machine at their Beaumont refinery for the 
production of paraffin-wax cakes or slabs, in place of the slow conventional batch 
rocess. 

“ The equipment can mould from 11,000 to 17,000 lb of wax per hr, in cakes varying 
less than 0°2% by wt from average. 

Labour requirements per unit of moulded wax were reduced five times as eee 
with batch process. f G. A.C 


2419. The representation of snow. W. T. Stirling. Musewms J., Dec. 1950, 50 (9), 
211-12.—Brief details are given of an extension of the method of preparing artificial 
snow by spraying molten wax on prepared contours of cotton-wool, as described by 
Rowley in J. Taxidermy & Museum Exhbn, 1925. In the new technique the same 
apparatus was used, but the spray was directed into a large sink filled to within two or 
three inches of the top with cold water. The accumulated particles are removed period- 
ically and drained on a fine sieve. When dry the “ snow ” is packaged for future use. 

When required, for showing mammals or birds in their natural environment in museum 
cases, the “ snow ” can be literally shovelled on to the prepared surfaces. The charac- 

teristic sparkle of natural snow can be obtained by sprinkling the “‘ snow’ surface 
with finely fractured glass. The method of preparing the powdered glass is briefly 
described. The highest m.p. wax procurable is necessary. W. H.C. 


Coal, Shale, and Peat 


2420. Chemical nature of the light fractions of primary tar from Budagovsk sapropelites. 
N. I. Shuikin and E. A. Timofeevs. JIzvest. Akad. Nauk S.S.S.R., Otdel. Khim. Nauk, 
1951, 120-8.—Primary tar (yield 22°4% on air-dry material), obtained by batch 
retorting of sapropelites at 500° to 650° C, contains 18% of 200° C E.P. gasoline and a 
total of 60% with b.p. 100° to 300°C. This latter material was cut into five fractions, 
which were comprehensively analysed (details of test procedures given). Range of 
results was (%) N compounds 0°1 to 2:2, acidic compounds 0°1 to 2:3 (+ small quantity 
of neutral O compounds), S 0-49 to 0°55. Group analysis of the fractions gave 
unsaturateds 44 to 59, aromatics 9 to 16, cyclanes 4 to 7, alkanes 21 to 31.- Such a 
material would be a suitable base for the production of I.C. engine fuels. v.32. 


2421. Sensitivity of coal tar pitch to various physical and chemical agents. F. Hugues. 

Chim. et Ind., 1951, 66, 62-6.—Following a review, in some detail, of previous work, 

results are reported on cold solvent extraction of pitch using toluene, ethyl ether, ethyl 

alcohol. Proportion of pet ether insol in each extract was determined; result 
rs 
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obtained varies considerably according to the experimental conditions. Refining of 
toluene extract with acids (sulphuric, oxalic) and alkali (NaOH) shows presence of 
appreciable quantity of bases but little acidic material. Superheated steam (380° C) 
treatment of pitch gives approx same oil yield (54 to 55%) as with toluene, oil, however, 
contains much less pet ether insol (5°1% as against 34°5%). All oils obtained are very 
unstable. This suggests a colloidal nature, although the mol. wt. involved is fairly 
low. V. B. 


2422. Solvent extraction of lignites and bituminous coals. R. G. D. Crick. Fuel, 
Aug. 1951, 30 (8), 187-90.—An investigation is reported of the action of some powerful 
solvents on lignites and coal, with particular reference to the nature of the extracts 
and their origin. Data are given of the extraction of the following : Nigerian lignite, 
Baccus Marsh, Victoria, xylitic lignite, Makarwal, Chunilal, Pakistan lignite, and 
East Kirby, Notts, durain. Dioxan gives high results in all cases, due partly to the 
dispersion of ulmins and partly to the formation of decomposition products of the 
dioxan itself. Of the higher alcohols used, n-propanol is a specific solvent for resins 
and hydrocarbons of unoxidized coals, but is unsatisfactory for use with highly 
oxidized coals, since oxidized groups in coal can readily cause oxidation and/or 
esterification of this solvent. Extraction by pyridine followed by extraction with 
chloroform is shown to be the most satisfactory method for use with all ranks of coal. 
The solubility of a fossil resin occlusion from a Yallourn, Victoria, brown coal, in five 
solvents, is recorded and discussed. W. H.C. 


2423. Ljungstrém in-situ shale oil process. G. Salomonsson. Fluid Handling, 
1950 (12), 379-81. (Abs. from 2nd Oil Shale & Cannel Coal Conf., 1950.)}—The pro- 
cess in operation/at Norrtorp, Sweden, is to heat the oil-bearing strata electrically from 
shafts to a temperature of 400°C over a period of five months. The heated area 
moves forward at 140 m per year. The vapour diffuses to uptake drillings, and 
is condensed to give a yellow-green crude of 52% gasoline and a gas containing 25% 
H,S ; but no lubricating oil or wax. Refiningiseasy. Production is 10265 litres/sq. m. 
for a power consumption of 6-4 kWhr/litre. Sulphur and ammonia appear as by- 
products, making a total of 23-3 calories from 7°3 calories of electrical energy. D. H. 


2424. Refining of shale oil. O. W. Willcox. World Petrol., 1951, 22 (6), 58.— 
Present methods of producing and refining shale oil are summarized. Four types of 
retorts are used: (1) Bureau of Mines internally fired batch retorts in which a com- 
bustion zone is forced down the retort, driving out decomposition products of organic 
matter. (2) Bureau of Mines “ gas-flow ” continuously operating retorts, inwhi ch 
a section is heated by gas passing horizontally through a downward-moving shale. 
Water is required for cooling. Fuel gas is by-product, with high yields of oil. (3) 
Union Oil Co. continuous adaptation of (1) providing low-quality fuel gas and using 
cold raw shale oil to condense oil vapour. (4) Standard Oil Co. fluidizing technique 
employing solid-solid heat transfer which produces fuel gas and presumably will have a 
high throughput of shale. Based on Rifle plant, indications are that $1°50 will be 
cost/ton of producing shale oil, allowing 7:5 years as life of mining equipment and 
15 years for plant depreciation. Rising costs of crude pet may eventually make 
process economic, although products are low grade and more costly to refine. 
E. B. 


Miscellaneous Products 


2425. A market in Europe for petroleum coke. G.H. Greenhalgh. Industr. Chem., 
1951, 27, 254-5.—Where pure carbon is required for industrial purposes, such as 
electrode manufacture, pet coke is the preferred material, coal coke having, in general, 
too high an ash content. A market for 100,000 to 150,000 tons of pet coke p.a. seems 
to be established in Europe. The “ green ”’ coke as produced contains 7 to 12% of 
material volatile at 900° C, and is normally calcined to < 1% volatiles before use. 
During this process most of the sulphur in the green coke is usually driven off. Tables 
show imports of pet coke from the U.S.A. into individual So ee 
1946-49. A. C. 
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2426. Cleaning contaminated surfaces. D. H. Ross. Soap Sanitary Chem., July 
1951, 27 (7), 30.—Modern atomic research has introduced a new cleaning problem—the 
physical decontamination cf surfaces from radioactive materials. In addition to 
primary reactor unit areas (atomic piles), radio isotopes are widely distributed for 
research and medical use. This article considers first the type of surface needed for 
equipment and rooms handling active materials and, secondly, discusses the advan- 
tages of the use of synthetic detergents for washing such surfaces. The main require- 
ment for the surface is that it shall be smooth and non-porous, suitably resistant to 
heat, chemicals, corrosion, and cleaning processes. In addition to the usual points— 
wetting penetration, high solubility, non-corrosivity, use with strong salt solutions— 
synthetic detergents can decontaminate under neutral conditions, and so avoid 
damaging plastic or synthetic finishes which are often used for radioactive rooms. 
N. W. G. 


2427. Hard surface cleaners. PtII. J.C. Harris. Soap Sanitary Chem., July 1951, 
27 (7), 38.—This section of the article (see also Abs. No. 1968) discusses various 
members of a proprietary series of alkyl aryl sulphonates for cotton detergency (for 
which soil removing is difficult). The structure is important, best results being shown 
with dodecyl benzene sodium sulphonate. In contrast, for flat-surface cleaning the 
chemical structure is less critical, and the cleaning is carried out using lower concentra- 
tions of detergent. 3 N. W. G. 


2428. Hand cleaners and protectants. Pt II. M.A. Lesser. Soap Sanitary Chem., 
July 1951, 27 (7), 34.—The concluding section of this article (see also Abs. No. 1966) 
considers protecting formulations. Five classes are discussed :— 

(a) Pore-Fillers. These are of the vanishing-cream type, using waxes and fatty 
products emulsified with water-soluble materials. They are easy to wash off and 
suitable for removing grime, dyes, ink, and paint. 

(b) Inert Powders. These give a physical barrier and provide mechanical protection 
against grinding powder, metal filings, etc. 

(c) Fatty mixtures based mainly on wazes, lanoline, castor oil, etc. These are useful 
in reducing the defatting action of solvents, but tend to soil the work. 

(d) Film Formers (“ Invisible Gloves”). These are either a water-soluble or water- 
impervious type, and the basic materials will be chosen accordingly—gums for water- 
soluble and cellulose derivatives for water-repellent blends. 

(e) Miscellaneous Products. Special mixtures required for protection 
specific industrial hazards, e.g., flashing, absorption of harmful chemicals (T.N.T.). 

N. W. G. 


2429. Stove polish formulation. (Abstracted from Soap, Perfumery & Cosmetics, 
1951, 24 (4), 358-61.) Soap Sanitary Chem., July 1951, 27 (7), 79.—The main require- 
ments of these products are colour, which should be a deep lustrous black, non- 
inflammability, and a suitable consistency for application. They are usually supplied 
as pastes, but sometimes as cakes or sticks. The basic ingredient is graphite sometimes 
mixed with carbon black and dyes such as nigrosine to improve the tone. The formule 
are generally based on water-type products with waxes, soap, synthetic detergents, 
sodium silicate, gums, resins, etc., used in the vehicle. N. W. G. 


2430. Formulation of emulsions. G. L. Brown and R. J. Myers. Soap Sanitary 
Chem., July 1951, 27 (7), 43.—A summary of types of emulsions, emulsifiers, and 
factors influencing stability and particle size of emulsions, leading to a recommenda- 
tion for methods of manufacture shown in diagrammatic form. In this, the equipment 
and conditions are shown to depend upon the type of soap and the vise of both soap 
and the other phase, with control of the consistency by the speed of the mixing. 

N. W. G. 


2431. Some chemical changes with the thermal polymerization of drying oils. 
C. Barker, R. V. Crawford, and T. P. Hilditch. J. Oil Col. Chem. Assoc., May 1951, 


$4 (371), 215.—The component acids of a series of progressively heat-bodied sun- 
flower-seed oils and linseed oils were examined by spectrophotometric analysis. 
After allowing for linoleic and/or linolenic acid still present and conjugated diene acids 
produced during treatment, the unsaturation of the other products formed is greater 
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than that represented by one double bond per Cj, chain. In the case of polymerized 
sunflower-seed oils, this suggests dimerization is effected by a single cross-linking of 
carbon atoms in different linoleic radicals. In the early stages cross-linking is intra- 
molecular, at a later stage it takes place intermolecularly. Results are similar for 
linseed oil. When most of the linoleic or linolenic groups have disappeared, the 
vise of the heat-bodied oils is still fairly low, and further chemical changes in the acyl 
groups of the glycerides become relatively small, thereafter the visc increases rapidly. 
The possible causes of this phenomenon are discussed. 

It has also been shown that at the heat-bodying temp acyl interchange between tri- 
glyceride molecules is steady but slow, without a catalyst. There are seventeen 
literature references. D. K. 


CoRROSION 


2432. Corrosion and its control. M. E. Parker. Oil Gas J., 12.7.51, 50 (10), 110.— 
Pt 19 of the series deals with rectifiers for cathodic protection, the rectifier being used 
to convert purchased power to the much lower voltages required in practice. 

For economy, single-phase rectifiers are mostly used, except for particular cases. 


Cooling of the apparatus is necessary. G. A. C. 


24383. Corrosion and its control. M.E. Parker. Oil Gas J., 19.7.51, 50 (11), 100.— 
Pt 20 of this series deals with design of ground beds, an assemblage of terminals through 
which current is discharged to earth. Resistance, permanence, and cost must be 
considered. Resistivity of the soil is a major factor in resistance of ground bed; 
permanence or rate of consumption of metals, ground beds of carbon or graphite 
have almost indefinite life; and type of insulation effects total costs. G. A. C. 


2434. Corrosion and its control. M. E. Parker. Oil Gas J., 26.7.51, 50 (12), 344.— 
Pt 21 of this series concerns use of graphite rod and ground beds. Selection of proper 
number of rods at correct spacing at a minimum cost, taking into account the soil 
resistivity, and estimation of size of cable with a view to possible increase in extent of 
ground bed are important. A graph shows resistance of multi-rod ground beds in 
terms of percentage of resistance of single rod. G. A. C. 


2435. Corrosion and its control. M. E. Parker. Oil Gas J., 2.8.51, 50 (13), 81.— 
Pt 22 of this series concerns bit-metallic corrosion, instances of occurrence and non- 
occurrence of galvanic action being discussed. It is shown that it is important to avoid 
the use in electrical contact of metals which are far apart in the electrochemical series ; 
if dissimilar metals must be used, they should be separated electrically if possible. 

A table gives electromotive series of metals, with potentials. G. A. C. 


2436. Corrosion and its control. M. E. Parker. Oil Gas J., 9.8.51, 50 (14), 108.— 
Pt 23 of this series deals with the application of the potentiometer for measuring 
potentials between pipe-to-soil, any two protected or unprotected structures, and that 
developed by various protective devices. Two potentiometer circuits are shown. 

G. A. C. 


2437. Corrosion and its control. M. E. Parker. Oil Gas J., 16.8.51, 50 (15), 136.— 
Pt 24 of this series deals with combinations of corrosion instruments, in particular | 
with the potentiometer—-voltmeter, which does not draw current from circuit under 
test, the internal voltage being measured by an internal voltmeter. 

A basic circuit suitably modified is given. G. A. C. 


2488. Aluminium’s role in refinery equipment. E. E. Kerns and W. E. Baker. Oil | 
Gas J., 19.7.51, 50 (11), &7.—Use of aluminium for storage-tank roofs, tank accessories, 
instrument-air tubing, weatherproof jacketing on insulation, piping, pump, and turbine 
packing is reported. Results show its suitability for various types of refinery service, 
provided care is taken in the design stage in order to reduce galvanic attack between 
aluminium and other metals which cause rapid attack. 

A table gives nominal composition and typical mechanical properties of eassiaieen 
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2439. Anti-corrosion additives in automotive fuels. G. Schulz. Zrdél u. Kohle, 19651, 
_ 4, 402-5.—Deposited water or inherent moisture in engine fuels is conducive to corro- 
sion in fuel tanks. Various inhibitors were added to gasoline on laboratory scale 
and determinations made of possible harmful deposits in induction manifolds of I.C. 
engines. Description of apparatus used is given. Additives investigated were the 
following derivatives of mepasinsulphamido-acetic acid, added in quantity of 0°1%: 
(1) Na salt, with and without water phase ; (2) cyclohexylamine salt, with and without 
water phase; (3) ethyl ester; (4) C, to C, alcohol esters; (5) (1) + an alkyl-phenyl- 
polyglycol ether with 7 mol ethylene oxide; also, (6) 0°025% and 0°05% of cyclo- 
hexylamine salt of dodecyl-phenoxy-acetic acid; (7) 0°1% ammonium salt of latter 
acid; (8) 0°1% triethylamine salt of isobutyl-cyclohexyl-y-butyric acid. Deposits 
using (1) without water phase were far greater than for uninhibited gasoline or for any 
other additive. This was due to the solubility of deposits in water phase with which 
they are removed, as proved experimentally. Partition coefficients gasoline/water of 
additives (1), (2), and (3) are illustrated. Organic salts of mepasinsulphamido-acetic 
acid are better than the Na salts, while additive (8) is most promising. Carrying out of 
engine and road tests is recommended. P. V. 


2440. Corrosive properties of automobile gear oils. A. Bukowiecki. Schweiz. Arch. 
Ang. Wiss. Tech., 1951, 17, 182-91.—E.P. gear oils, their mode of action, and suitable 
test procedures are reviewed. (Twenty-eight references.) Tests were made on nine 
E.P. gear oils (seven of which contained Cl), mainly of U.S.A. origin, which are available 
in Switzerland. Oils were all of S.A.E. 90 grade (120 to 130 cs at 50°C) and were checked 
for presence of Cl, Pb, S, P, and of COOH groups. ‘Test plates (0°8% C mild steel) 
were immersed in oils at 80° to 120° C, followed by exposure to damp air to determine 
after-rusting. On basis of results obtained following test procedure is recommended : 
Immerse plates in test oil for 72 hr at 100°C; wash with C,H, and determine wt loss ; 
maintain washed plates for 168 hr in 100% moist air at 18° to 25°C; determine wt 
increase. Results indicate that immersion in any of the oils at test temp has relatively 
little corrosive action on test strip but that Cl-containing oils all cause considerable 
after-rusting, not shown in case of Cl-free oils. In practice such after-rusting, occurring 
only when gear-teeth are withdrawn from oil, will depend on variety of factors such as 
operating temp, duration of non-use intervals, air humidity during such intervals, 
frequency of oil changes, etc. Cu strip tests on the oils according to U.S. specification 
2-105 B (1 hr at 122°C) showed pass on eight out of the nine; all oils, however, 
showed black discoloration and appreciable wt loss of Cu if test is prolonged to 72 hr 
and it is concluded that 1-hr test is insufficiently severe. Vv. B. 


ENGINES AND AUTOMOTIVE EQUIPMENT 


2441. Instrumentation for the study of engine fuel requirements. H. J. Eatwell and 
H. J. Hulf. Engineer, 1951, 191, 803-5.—Detailed description of self-contained 
electronic instrument panel designed and built at Anglo-Iranian Oil Co.’s research 
station at Sunbury, for use in road O.N. studies. Instrument provides for continuous 
observation of spark advance, engine r.p.m., four engine operating temps and manifold 
depression. Photographs and circuit diagrams are included. A. C. 


2442. Review of special-purpose high-speed light-weight oil engines. L. Keuleyan. 
Gas Oil Pwr, 1951, 46, 124-8, 149-51, 172-5.—A summary of the present position is 
given in two tables, which contain the following data for eighteen two-stroke and 
fourteen four-stroke engines: date; max and continuous output, with corresponding 
speeds; No. and disposition of cyl; bore, stroke, and swept volume; piston speed 
and loading; inlet pressure and mean effective pressure; dry wt and specific wt; 
specific fuel consumption ; space occupied by engine. 

Kléckner-Humbold—Deutz began building an air-cooled engine of capacity 2-3 
litres and output 50 b.h.p/cyl. This power was insufficient, so liquid cooling had to be 
used. The final form was an eight-cyl engine of cyl dimensions 170 mm bore and 
180 mm stroke, giving 700 b.h.p. with a b.m.e.p. of 69 p.s.i. A loop-scavenged sixteen- 
cyl vis-d-vis horizontal unit developed 2300 b.h.p. at 2700 r.p.m., and with two in 


' 
4 
| 
H 
j 
= 


518 4 ABSTRACTS 


parallel, one fitted with turbo-pressure charger as well as centrifugal scavenging blower, 
an output of 4500 b.h.p. was obtained. 

The M.A.N. designed an engine for airships which was later adapted for marine use, 
and had a specific weight of 2°65 lb/b.h.p. Its rating was 1000 b.h.p. at 1000 r.p.m. 
Various types of M.A.N. V-form engine are briefly described. 

Sulzer Bros have been experimenting with two-stroke opposed-piston engines with 
high pressure-charging ; one unit of which has cyls of bore 120 mm and stroke 2 x 150 
mm and runs at 1500 r.p.m. The specific fuel consumption is between 0°395 and 0°42 
lb/b.h.p.hr. 

The conversion of various engines from petrol to oil fuel is described. 

Daimler-Benz produced a naturally aspirated engine used in the Zeppelins and later 
adapted for marine use. The latest model is a twelve-cyl V-form engine of swept 
vol 57:2 litres and continuous rating of 600 b.h.p. at 1400 r.p.m. corresponding to a 
b.m.e.p. of 96 p.s.i. When pressure-charged by centrifugal blower or turbo pressure- 
charger the corresponding values are 800 b.h.p. at 1400 r.p.m. and 128 p.s.i. With 
either blower, pressure charger, or naturally aspirated, the specific fuel consumption is 
0°39, 0°37, and 0°381 Ib/b.h.p.hr respectively. 

Outstanding British engines are represented by the Mirlees JSS16V unit and the 
Rover Meteorite. 

Descriptions are given of two MWN engines developed for small submarines. 
Another of the same type, pressure-charged by two Brown—Boveri turbo pressure- 
chargers, is similar to these but designed with direct injection. 

At present engine designers are tending towards the provision of higher rotational 
speeds and pressure-charging. New methods of grouping cyl also help in achieving 
lightness and compactness; thus several engines may be mounted on a common 
base frame with the reduction gear and power shaft at the centre, or two-stroke opposed- 
piston engines may be employed. Other more complicated cyl arrangements have 
been used, but beyond a certain stage the engine becomes difficult to service. 

The ideal stroke/bore ratio is 1:15 to 1:2; outside these limits the engine weight 
tends to increase. The ideal engine has cyls of 165 mm bore and 190 mm stroke 
and operates at 2000 r.p.m. Such a four-stroke would develop 135 b.h.p. at m.e.p. 
215 p.s.i.; a two-stroke would require only 107 p.s.i., but the fuel consumption would 
be greater. ; H. C. E. 


2448. Rolls Royce oil engines. Anon. Gas Oil Pwr, 1951, 46, 158-60.—A range of 
oil engines is now being constructed of which the first is the C6S8.FL type. It is a four- 
stroke unit with six cyl of bore and stroke 5} inches and 6 inches respectively. The 
max power at 1800 r.p.m. is 190 b.h.p., corresponding to a b.m.e.p. of 123 p.s.i. 

The construction of the engine is described in detail. 

Wet- or dry-sump lubrication can be used, in conjunction with full-pressure lubrica- 
tion at 40 p.s.i. The engine is water-cooled by a closed system thermostatically 
controlled. 

Auxiliary equipment includes a 24-V starting motor, dynamo, and 18-inch-dia Borg 
and Beck clutch. H. C. E. 


2444, Small opposed-piston engine. Anon. Gas Oil Pwr, 1951, 46, 166.—This engine 
is available with one to four cyl of dimensions 2? inches bore and 2 x 34} inches stroke, 
and has a continuous rating of 15 b.h.p. at 1500 r.p.m. A single-acting scavenge 
pump is driven from one of the rocking levers. Piston crowns are flat, and the fuel 
injector is placed at an angle. Air enters the cyl with a rotary swirl. H, C. E. 


2445. Larger capacity engine for Leyland vehicles. Anon. Gas Oil Pwr, 1951, 46, 
175.—This unit has six cyl of 3-96 inches bore and 4'75 inches stroke, and develops 
90 b.h.p. at a max speed of 2200 r.p.m. The max torque at 1300 1.p.m. is 240 lb-ft. 
Details of the engine construction are given. A toroidal-shaped combustion chamber 
is formed in the crown of the Al-alloy piston, which carries three compression and two 
scraper rings. Full pressure lubrication is supplied by a gear-type pump in the sump 
to the main big-end and camshaft bearings and to the timing gear. AC.A.V. injection 
pump supplies fuel through a multi-hole injector, and the full-load fuel consumption is 
0°362 pints/b.h.p.hr. : H. C. E. 


: 
: 
2 
: 
: 
“ 
| 
4 
\ 
ah 
i 
q | 


ABSTRACTS 519 a 


2446. New Nordberg small diesel {engine}: Anon. Gas Oil Pwr, 1951, 46, 177.— 
This four-stroke unit has two cyl of bore and stroke 4} and 5} inches respectively. 
Operating at 1200 to 1800 r.p.m., it is rated at 20 to 30 b-h.p. Pressure lubrication 
is provided to main and camshaft bearings and to connecting-rod and gudgeon- pin 
and the rocker-arm assembly. Oil is circulated by a gear-type pump. The engine is 
cooled by water thermostatically controlled, and a heat exchanger is available for 
marine applications. H. C. E. 


2447. British Railways 2000 b.h.p. diesel mechanical locomotive. Anon. Gas Oil 
Pwr, 1951, 46, 167-70.—Diesel-electric units have a high initial cost, and there are 
considerable transmission losses in power. These disadvantages led to the construc- 
tion of a locomotive with mechanical transmission, using the Fell system, which is 
described in detail. 

This system comprises four engines each connected through a hydraulic coupling 
to a gear-box. The driving-shafts are inter-connected by sun-and-planet mechanisms, 
and the shafts are constrained to rotate only in one direction. In operation engines 
are connected to the transmission in turn, and the speed ratio between engine and road 
wheels is 4:1 for the first engine, 2:1, 14:1, and 1:1 for the second, third, and 
fourth engines respectively. The max tractive effort is developed with only one 
engine, and consequently the train can be hauled even if all but one engine is stopped, 
although at reduced speed. 

The engines are Davy Paxman 12 RPHXL \V-form pressure-charged units having 
twelve cyl of bore and stroke 7 and 7} inches respectively (Abs. No. 1739—1950). The 
engines are highly pressure-charged at low speeds, and less so as the speed rises, by 
means of blowers driven by auxiliary AEC six-cyl units of bore and stroke 120 and 
140 mm respectively, with Ricardo Comet III combustion chambers. They are rated 
at 150 b.h.p., operate over a speed range of 1300 to 1800 r.p.m., and are pressure- 
charged from the same air system as the main engines. Controls are arranged so that 
their speed is increased as the pressure falls. The ie esr ti air is cooled 
independently of the main system. H. C. E. 


_ 2448. Combustion gas turbine—important new prime mover for the gas pipeline 
industry. J. L. Oberseider. Oil Gas J., 9.8.51, 50 (14), 102.—Gas-turbine units with 
rated capacities from 1850 to 6500 h.p. will soon be available, and a design survey shows 
manufacturer, characteristics of unit, performance, and operating details. Installation 
and maintenance data are given. G. A. C. 


SAFETY PRECAUTIONS 


2449. Fire and explosion in hazards in the use and manufacture of solvents. J. Howlett. 
Fluid Handling, 1951 (14), 45-8. (3rd Conf on Chemical Works Safety.)}—Precautions 
in the use of reagents like Na, F, and calcium carbide, and of intermediates like peracids 
and peroxides, from materials like aldehydes, ketones, acetylene are considered 
under the sections administration and organization, buildings, storage, gros ae 
process, and fire protection. Codes of safe practice are referred to. 


2450. Fusion-welded pressure vessels. Pt II. Anon. Fluid Handling, 1950 (12), 
374-6. (See also Abs. No. 1731.)—The discussion on the provisional code BSS 1500 : 
1949 is continued, and touches on making welders aware of their responsibilities ; 
design of safety valves and their disposal lines; the upper temp limit for light duty 
welds and for Ti- and Mo-bearing steels, and the inadequate specification for — 
inside the bolt circle. 


MISCELLANEOUS 


2451. Third world petroleum congress. Scientific, industrial and economic trends 
evident from the congress. Anon. Rev. Inst. frang. Pétrole, 1951, 6, 215-66.—A 
comprehensive critical summary and assessment, in connected essay form (divided into 
ten chapters corresponding to the congress sections), by the technical staff of go P. 
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2452. Europe’s place in the petroleum trade of the free world. W. J. Levy. Bull. 
Ass. frang. Tech. Pétrole, 1951 (88), 3-10.—Lecture. Europe only produces 4% of 
its petroleum requirements, although refining capacity will shortly be equal to con- 
sumption. European per capita pet consumption regained pre-war level in 1948 and 
has since exceeded it. Petroleum nv produces 10% of continent’s total energy 
requirements, and figure is expected .o attain 15% in 1953. Petroleum industry 
represents 75% of post-war foreign investments of private U.S. companies. Part 
played by Middle East as source of “‘ non-dollar ’’ oil is considered and importance of 
sound economic development of this area stressed. Vv. B. 


2453. Oil profits rise 23 per cent. H.E. Rose. World Petrol., 1951, 22 (6), 38-41.— 
1950 finances of thirty U.S. oil companies and two foreign affiliates are tabulated. 
Increased demand for petroleum products, continuing into 1951, is attributed to 
Korean situation and more normal winter weather in the U.S. E. B. 


2454. Current building projects will boost refinery output 500,000 bri daily. R. B. 
Tuttle. Oil Gas J., 26.7.51, 50 (12), 212.—A table shows active refinery building 
projects in the U.S.A. and Canada, giving capacity rating, status, and completion 
date. 

Estimated 1952 capacity for the U.S.A. will total’ 7,500,000 b.d. G. A. C. 


2455. Economic value of flow measurement. A. Linford. Fluid Handling, 1950 
(12), 367-70.—The savings to be achieved by adequate instrumentation are illustrated 
from the water supply, steam generation, and oil industries. Personal factors such as 
reduction of waste; the rapid location of leaks and loss; the guidance given for most 
efficient operation, all contribute to repay the capital investment in instruments, of 
which flow-meters are the most important. D. H. 


2456. Statistical analysis aids quality control. P.C. White and W. B. Traver. Oil 
Gas J., 26.7.51, 50 (12), 250.—Statistical analysis is essential in the interpretation 
of observed data from process control and research experiment. The probability 
that trends or differences in current data are due to the inherent variability of the 
system or to new causes must be assessed so that action is not taken on non-significant 
observations. 

Statistical analysis has been applied to control of motor-oil can-filling weights and to 
shut-down frequency and run lengths of a battery of refinery units. 

New instrumentation has been evaluated by statistics and motor-oil mileage tests 
variances analysed. G. A. C. 


2457. Some industrial experiences with synthetic lubricants. C. H. Sweatt and 
T. W. Langer. Mech. Engng, June 1951, 73 (6), 469.—Practical experiences with 
polyalkylene-glycol-type lubricants are presented. As a high-temp lubricant, poly- 
alkylene-glycol reduced lubricant costs and maintenance charges in ceramic and glass 
plants. Reduced wear and extended tooth life of heavily loaded gears resulted from 
the use of polyglycol lubricants in place of mineral oils. Oil and bearing temp of 
speed reducers ran 25° to 35° F lower with synthetic lubricants. The use of this 
type of lubricant in industrial lift and tow trucks resulted in less sludge formation 
and piston-ring sticking, and considerably reduced oil consumption. Polyglycol 
hydraulic fluids have proved very stable in service, and their high V.I. have reduced 
pumping difficulties associated with rising temp. A further application of this type of 
lubricant is in the development of non-inflammable hydraulic fluids, and other applica- 
tions include metal working, mould-release agents, and compressor and vacuum-pump 
lubrication. An extensive bibliography is appended. T. T. 


2458. Sources of sulphur. C. M. Cawley. I.P. Review, 1951, 5, 177.—-Sulphur has 
innumerable uses, not only as such but also in the form of compounds, by far the most 
important of which is sulphuric acid. Natural sulphur occurs in concentrations of 
30 to 40% in Texas and Louisiana, where it is extracted by the Frasch process. 
However, reserves are slowly falling. There are smaller amounts in other parts of the 
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world. The other main source of sulphur is in pyrites, the production of which is 
now increasing. This occurs mainly in Southern Spain and in Portugal, although 
again smaller amounts are widely distributed. Pyrites often occurs in association 
with coal—coal pyrites—whence it is difficult toextract. All the remaining sources of 
sulphur are small. Smelter gases produced during the extraction of metals like zinc 
contain sulphur. The gases produced by burning coal, and emitted to the atmosphere, 
contain much sulphur dioxide. Efforts have been made by gas-works to capture this 
waste sulphur by “‘ scrubbing,”’ but there are many difficulties. Hydrogen sulphide 
is present in the natural gas from petroleum ; also petroleum products contain sulphur, 
although generally not in a recoverable form. Recovery from natural gas is sound 
in the U.S. Sulphur can also be obtained from natural sulphates like gypsum and 
anhydrite, by roasting with coke to give sulphur dioxide. Other smaller processes are 
described. The U.K. position is described in some detail. R. H. 
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BOOK REVIEWS 


Petroleum Geology. Kenneth K. Landes. New York: John Wiley & Sons, Inc. ; 
London: Chapman & Hall Ltd., 1951. Pp. 660 + xi. $10.0. 80s. 


In his preface the author states that this book has been written for the student of P 
petroleum geology regardless of whether he is in the classroom or on the job. His i 
approach is more in favour of advanced students, assumed to be well grounded in 
elementary pure geology. Technical details of methods employed in oil finding 
are avoided, and the result is a practical handbook which provides a maximum 
amount of information on the methods employed ‘to find petroleum, its geologic i 
occurrence, and its present and possible future distribution throughout the whole 
world; these three main divisions of the subject being dealt with in that order. 

In more detail, the book is divided into eleven chapters, to which are added a 
short bibliography and index. Chapter 1 covers the definition of the profession of 
oil geology and stresses its importance. Chapters 2 and 3 deal with the tech- 
niques employed by the petroleum geologist. A brief account only is given of 
surface exploration methods, the main emphasis being on sub-surface tools and 
methods. Chapters 4 to 8 deal with the geologic occurrence of petroleum and 
afford a very complete résumé of all that has been published on its properties, 
origin, migration, and accumulation. Chapters 9 and 10 concern the distribution 
of oil and gas fields, both inside and outside the United States, United States fields 
being much the more fully covered. Chapter 11 is devoted to outlining the present 
sources of oil supplies and indicating possible future trends and developments. 

The style is a and concise; the maps and diagrarms have been ably selected, 
and have been produced with commendable absence of confusing detail. 

The British student will perhaps criticize the amount of space devoted to the 
distribution of oil and gas fields in the United States, but this feature is undoubtedly 
necessary in view of the fact that the bulk of demand will come from American 
sources. Professor Landes has succeeded in producing a volume which may be re- 
commended to the attention of a wide variety of readers, and particularly to the 
advanced student of petroleum geology, whose routine occupation in life tends 
to isolate him from the very wide sweep of present-day developments. moe 


Practical Oil Geology. Dorsey Hager. 6th Edn. New York, Toronto, London: 
McGraw-Hill Book Company, Inc., 1951. Pp. xxi. + 589. $7.50. 64s. 


Some twelve years have elapsed since the 5th edition of Dorsey Hager’s handbook 
on “ Practical Oil Geology” appeared. During that period ideas and techniques 
have evolved, although much that is comprised by oil geology has shown little 
change. With evolution the antecedent idea or technique often falls out of use. 
However, a comparison of the new edition and the 5th edition shows that the 
changes have been made largely by addition, and rarely by excision or by revision 
in its fullest sense. The length has been increased by one hundred and twenty-five 


pages. 
Successive chapters in the 6th edition deal with the origin and accumulation, and | 
the composition of petroleum, with stratigraphy, fossils and their uses, as in the 
5th edition. Chapters on broad continental features, and oil and gas traps, replace 
the former chapter on structural geology. Then follow chapters on searching for 
new oil and gas fields, geological field methods, and geophysics, the last subject 
being more appropriately placed than previously. Other chapters deal with 
the choice of well locations, drilling, logging, production, the estimation of oil 
_ Tecoveries, oilfield waters, natural gas and natural gasoline, oil shales, and what the 
geologist has done for the oil business. The replacement of two pages of text on ~ 
Schlumberger logging in the 5th edition by a whole chapter on well logging in the 6th 
edition is an improvement, while the thought behind the introduction of the chapter 
on estimation of oil recoveries is sound. 
Additions have been made to the collection of tables and other information in the 
appendix, and the series of references has been expanded without, however, including 
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the more recent text-books on petroleum geology. Some of the tables, such as that 
on the classification of igneous rocks, have little or no bearing on the subject under 
consideration. 

Slips and unnecessary repetitions present in the 5th edition have been reproduced. 
Do people who may be expected to benefit by reading this book, need to be told, 
after the statement, that ‘‘a grain 0:1 mm in diameter would be approximately 
“49 33 its in diameter,” that “ Two hundred fifty such grains placed side by side 
would measure | in” ? 

Scarcely any change has been made in the chapter on geophysics. Indeed, the 
author has failed to note the passage of time since the publication of the previous 
edition, and has forgotten to change “‘ the past fifteen years” to something more 
accurate. Discussion of the gravity meter should have been greatly expanded, 
while the torsion balance, which had already declined markedly in use at the time 
of issue of the 5th edition, should have received far less prominence. 

The discussion of formation-volume-factor is tangled, and one definition is entirely 
misleading, while the views on storage space and the effects of interstitial water on 
storage space, are among other points upon which clear expression is lacking. There 
is still no description of the formation of salt domes by plastic flow which would give 
the uninitiated an adequate picture of this mechanism. On p. 19, we are informed 
that “ 54°56 in” is “ 54 ft approx”! 

The above features and, unfortunately, numerous others, detract from what 
could have been a very good introductory book on oil geology, had discrimination 
and a blue pencil been vigorously applied. Maybe a partial explanation is con- 
tained in the preface of the new edition where the author states that “‘ the book .. . 
like Topsy, ‘just growed.’” Nevertheless, however the book “ growed,” the 
issuing of a sixth edition shows that it has had a public. G. D. H. 


Some Aspects of Fluid Flow (papers presented at the Conference organized by the Institute 
of Physics). London: Edward Arnold & Co., 1951. Pp. viii + 292. 50s. 


This volume contains fifteen papers presented at a Conference organized by the 
Institute of Physics at Leamington Spa in October 1950, together with a brief report 
of the discussions. The articles, the majority of which are surveys of existing 
knowledge in various fields, are in four groups—I Industrial Problems, IIT Funda- 
mental Problems, III Techniques, IV Application of Present Knowledge and 
Techniques. 

Group I contains four papers. M. P. Newby and M. W. Thring (British Iron and 
Steel Research Association) review some problems involving the turbulent mixing of 
fluids, fixing their attention primarily on those allied to furnaces. The paper con- 
tains a brief account of present-day knowledge on the theory of turbulence. R. L. 
Brown (British Coal Utilization Research Association) presents an extensive survey 
of industrial problems involving the combined flow of fluids and solids, embracing 
gas cleaning in its various forms, fluidization, gravity concentration (exemplified by 
coal washing), and combustion of solids. The paper on “ Industrial problems in- 
volving the pattern of fluid flow” by W. A. Simmonds (Gas Research Board), 
consists of a general discussion of the phenomena of flow pattern, methods of 
simulation by models, and techniques for measuring the pattern, and contains few 
references to specific problems. The survey of industrial problems involving the 
hydromechanics of fluid flow by L. E. Prosser and R. C. Worster (British Hydro- 
mechanics Research Association) is also brief, but for a different reason and in a 
different way. Here there are plenty of problems, too many in fact to be ade- 
quately dealt with, and the authors have taken the line of using a restricted 
number of them as illustrations of the field to be covered. 

Group IT also contains four papers, the first two being survey articles on “ Atomiza- 
tion of liquids,” ky H. L. Green (Ministry of Supply), and on “‘ Boundary layers and 
skin friction in a compressible fluid flowing at high speeds,” by Prof. A. D. Young 
(College of Aeronautics). The other two papers contain accounts of original work 
on flow in heterogeneous systems. P. G. W. Hawkesley (British Coal Utilization 
Research Association) presents a theoretical expression for the rate of settling of 
concentrated suspensions under equilibrium conditions (i.e., when the relative 
dispositions of the particles remains unchanged), and applies it to data from the 
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literature. Dr H. E. Rose (King’s College, London) develops the general equation 
for flow through granular beds by dimensional analysis, and discusses its application 
to published results and to his own experiments on flow through beds of particles of 
widely differing shapes. 

The four, papers in Group III are also split between reviews and original work. 
H. E. Dall (George Kent Ltd.) briefly reviews some aspects of metering by orifices, 
nozzles, and venturi tubes, particularly with regard to the variation of the coefficient 
of discharge with Reynolds No., and emphasizes that in most cases the nozzle has 
no advantages over a simple orifice. M. P. Newby (British Iron and Steel Research 
Association) deals with fluid flow in relation to the manufacture of steel. He shows 
how many and varied are the points of contact, embracing flow in the furnace, 
metering of fuel oil, the pouring of steel, and describes experimental work which has 
been carried out. The remaining papers both deal with techniques for the study of 
flow in relation to steel-making furnaces. Dr J. H. Chesters and I. M. O. Halliday 
and R. 8. Howes (United Steel Companies) describe the use of powder or air bubbles 
as tracers to elucidate the flow in model furnaces. The necessity for using models 
for the study of flow in such cases arises largely from the difficulty of making direct 
measurements of gas velocities and distribution even when full-scale plant is available 
for test. R.Mayorcas and K. P. Perry (British Iron and Steel Research Association) 
propose to overcome this practical difficulty by the use of Radon as a flow tracer. 
The technique in its present stage of development is described, with an example of 
its application to a duct. 

Group IV contains three papers on widely separated topics. R. A. Smith 
(Imperial Chemical Industries Ltd.) derives a formula for the pressure rise in an 
ejector in which there are negligible changes in the density of the driving and en- 
trained fluids on mixing. He also discusses the economic assessment of ejector 
design. The contribution of Dr R. A. Mott (British Coke Research Association) 
deals with flow of fluid through beds of solids, and in particular draws attention 
to the difficulty which is experienced in correlating the extensive literature on this 
subject due to differences in convention of symbols and units adopted by British 
and Continental workers on the one hand and American workers on the other. 
He also describes experiments designed to clarify the conception of voidage and the 
wall effect. Finally, there is an article giving a general description of recent work 
directed towards improving the technique of ship model experiments from Dr J. F. C. 
Conn (British Shipbuilding Research Association). 

The presentation of the discussion is extremely brief, consisting of short reports 
from five discussion groups, occupying, together with the concluding summary, no 
more than seventeen pages. Short as these notes are, they give a good picture of the 
interest aroused by the papers and emphasize the large number of urgent problems 
awaiting solution in this important branch of technology. 

The range of topics discussed at this conference was purposely restricted, and 
this volume is in no sense a handbook on fluid flow. Even in their restricted field 
some of the reviews are far from complete. They nevertheless present a good back- 
ground, and in a very readable form, for the authors allow their enthusiasm for their 
subject to appear, and yet write in a style which will appeal to the non-specialist. 
The average technologist could read the volume with interest and advantage, and 
this is particularly true of those interested in combustion and the design and use of 
furnaces. The specialist will wish to acquire it for its obvious merits and because it 
provides a jumping off point for future work, and is likely to be used as such. 

The appearance of the book is good, and the Institute of Physics is to be con- 
gratulated in having produced this permanent record so soon after the conference. 


A Symposium on Developments in Applied Chemistry. Twenty-fifth Annual Priestley 


Lectures. State College, Pennsylvania: Phi Lambda Upsilon and the Depart- 
ments of Chemistry and Chemical Engineering, Tho State College, 1951. 
Pp. 96. $2. 

The symposium consists of five papers: “ The historical concept of the nature of 


acids ’’ (Dr Grover C. Chandlee); ‘‘ The contributions and potentialities of house- 
hold chemistry” (Dr Pauline Berry Mack); ‘‘ A prediction for the future of bio- 
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chemistry based upon the past quarter century” (Dr Herbert E. Longenecker) ; 
“Some scientific and technical developments in glass technology and ceramics 
during the last quarter century ” (Dr Waldemar A. Weyl); ‘‘ Physical separational 
processes ’’ (Dr Merrell R. Fenske). 

The first paper reviews ideas of the nature of acids from the time of the oxide 
concept of Lavoisier to the hydrogen-ion concept of Brénsted. Dr Chandlee also 
discusses the more general views of Lewis—the electronic or electron pair theory— 
which will probably be ultimately accepted. Several illustrative examples should 
make the paper interesting to students. 

The second paper discusses the pioneer work of Elen Henrietta (Swallow) Richards, 
who started work on applied chemistry for improvement of standards of living. 
The main sections covered are human nutrition, textiles, detergents and household 
materials, equipment and processes as understood to-day. Dr Mack has provided a 
detailed review of the whole field discussed. 

The third paper briefly reviews the historical acceptance of biochemistry. The 
most interesting section is Dr Longenecker’s discussion on the synthesis of vitamins, 
but the paper is too short to be very informative. 

‘The fourth paper shows most clearly how the study of crystal chemistry has led 
to the prediction and proof of new glasses. These include—fiuoride, fluorborate, 
fluorgermanate, fluosilicate, fluophosphate, titanium, and rare element borate glasses 
—giving a wider range of dispersion and refractivity, and of chemically resistant 


Besides the comprehensive review of glass, Dr Wey] discusses the modern tendency 
of manufacturing ceramic materials, pointing out that modern catalysts for oil 
cracking represent an example where the artificial products, the synthetic alumina- 
silica gels, tend to be used instead of the natural clay minerals, which were the first 
catalysts employed for this purpose. Natural clays are not sufficiently uniform for 
optimum results so that to-day the manufacture of artificial alumina-silica catalysts 
has become an important industry. 

In the fifth paper, Dr Fenske, director of the College’s Petroleum Refining 
Laboratory, reviews the physical processes as used in petroleum refining, under the 
individual headings of distillation, vapour—liquid extraction (extractive distillation), 
and liquid-liquid extraction. The chief feature of the review is that Dr Fenske 
shows all three processes to be similar and more readily understood when considered 
from the same view point. He shows how «@ (relative volatility in distillation), 
y (relative volatility in extractive distillation), and B (selectivity factor in liquid— 
liquid extraction), all have similar importance in determining ideal or equilibrium 
relations. To facilitate the discussion, the normal nomenclature is used and defined. 
The general equilibrium relationships and diagrams are discussed, together with the 
usual algebraic equations for theoretical operation. 

Distillation In the discussion on fractionation, reference is made to the co- 
current method of vapour-liquid contacting, which is useful for multi-stage equili- 
briums, and to spinning band columns for low-pressure work. Effects of pressure on 
throughput are briefly considered, and suggestions made for reference binary 
systems suitable for testing columns. 

Extractive Distillation—The advantages are: (1) the ability to separate com- 
ponents whose relative volatilities approximate to one (¢.g., butadiene, benzene, 
and toluene may be separated from complex hydrocarbon mixtures on a com- 
mercial scale), and the use of smaller columns for otherwise difficult distillations. 
As an example of the ability of certain solvents to materially alter relative volatilities, 
the use of aniline is quoted for the separation of methylcyclohexane and toluene, 
which is of practical importance in separating toluene from petroleum fractions. 
Some interesting diagrams showing the purity of the solvent-free product for 
different yields are given for two typical examples. Extractive distillation is briefly 
compared with azeotropic distillation. 

—Liquid Eztraction.—Data are given for fs wor factor) of various 
solvents for methyleyclohexane and n-heptane mixtures, and for toluene and 
methycyclohexane mixtures. 

As an illustrative example, the liquid ammonia extraction of toluene and methyl- 
cyclohexane mixtures is discussed. Here, water injection is used instead of tempera- 
ture control to limit solubility. This system has been studied on a twenty-stage 
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extractor, employing water injection, with an extraction temperature of 75° F. 
A plot of the results shows data to be well in agreement with successive single-stage 
extractions. 

In this paper Dr Fenske has presented his subject in a clear and concise manner, 
showing how the three separations may be analysed on similar lines. The paper 
provides an interesting and extensive review of the subject, and should assist with 


- its general understanding. R. W. G. 


ADDITIONS TO THE LIBRARY 


ASTM Standards on Gaseous Fuels. Philadelphia: The Society, 1951. Pp. 136. 


The second edition of this compilation covers: (1) Sampling and Measurement 
and (2) Methods of Testing and Analysis. 

In addition to the three methods in the previous edition there are four new 
ASTM tentative methods as follows: (1) Analysis of Natural Gases by the Volu- 
metric-Chemical Methods (D. 1136). (2) Analysis of Natural Gases and Related 
Types of Gaseous Mixtures by the Mass Spectrometer (D. 1137). (3) Water 
Vapour Content of Gaseous Fuels by Measurement of Dew-Point Temperature 
(D. 1142), and (4) Sampling Natural Gas (D. 1145). 


of Analysis of Fuels and Oils. J.R.Campbell. London: Constable & Co. 
Ltd., 1951. Pp. 216 + xii. 


Fourth Empire Mining and Metallurgical Congress; Proceedings. Edited by F. 


Higham. | London: The Congress, 1950. Vol. I, 551 + xx pp.; Vol. II, 
585 + xx pp. £1 per vol. 

This is the full report of the Congress held at Oxford in 1949 and contains con- 
siderable information concerning the mineral resources of the Empire and methods 
of exploration for and exploitation of these resources. 

The petroleum section in Vol. I contains a paper on drilling and production 
practice in Persia, and one on auger and core drilling in oil exploration. There is 
also a paper on aerial photography in petroleum prospecting. 


API Standards : 


Std 1 (10th edn). Oilfield belting. Supplement 2. 

Std 5a (16th edn). Casing, tubing, and drill pipe. Supplement 1. 

Std 5L (12th edn). Line pipe. 

Std 5LX (3rd edn). High-test line pipe. 

Std 6C (7th edn). Flanged steel gate and plug valves. Supplement 1. 
Std 6E (2nd edn). Wellhead equipment. Supplement. 

Std 7B (10th edn). Rotary drilling equipment. Supplement 3. 

Std 9A (12th edn). Wire rope. Supplement 2. 

Std 11A (7th edn). Oil well pumps. Supplement 4. 

Std 11B (10th edn). Sucker rods. Supplement 1. 

Std 12E (3rd edn). Wooden tanks. 

RP5CI (3rd edn). Care and use of casing, drill pipe, and tubing. Supplement 2. 


British Standards. London: British Standards Institution. 


B.S. 182: 1951. Steam Turbines. Pp. 14. 2s, net, post free. 

B.S. 1768: 1951. Unified Precision Hexagon Bolts, Screws, Nuts (UNC & UNF 
Threads) and Plain Washers, Normal Series. Pp. 33. 38. net, post free. 

B.S. 1769: 1951. Unified Black Hexagon Bolts, Screws, Nuts (UNC and UNF 
Threads) and Plain Washers, Heavy Series. Pp. 19. 2s. 6d. net, post free. 

B.S. 1770: 1951. Pipe Flanges For Use on Internal Combustion Engines and 
Installations. Pp. 12. 2s. ret, post free, 

B.S. 1737: 1951. Jointing Materials and Compounds for Water, Town Gas, and 
Low-Pressure Steam Installations. Pp. 43. 5s. net, post free. 

B.S. 1761: 1951. Single Bucket Excavators of the Crawler-Mounted Friction- 
Driven Type. Pp. 59. 6s. net, post free. 
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Gauging and Measuring Screw Threads. NPL Notes on Applied Science No.1. Lon- 
don: HMSO, 1951. Pp. 109. 5s. net (5s. 4d. by post). 

This comprehensive survey of measuring and gauging methods used in the accurate 
measurement of screw-threads and gauges is the first of a new series of “‘ Notes on 
applied science” which the NPL is preparing. A previous publication after the 
first world war entitled ‘‘ Notes on screw gauges”’ was revised and reprinted on 
several occasions, and its scope has been extended to form the new publication. 


Oil and Petroleum Year Book 1951. Compiled by Walter E. Skinner. London: 
W. E. Skinner, 1951. Pp. 280 + eviii. £1. 
Details are given of 762 companies engaged in the world oil industry, a list of 
nearly 500 engineers and managers, and a buyers’ guide to field and refinery equip- 
ment. 
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THE INSTITUTE OF PETROLEUM 
Norices, OcToBEerR 1951 


ENTRANCE FEES AND SUBSCRIPTIONS 


The current Entrance Fees and Annual Subscriptions for membership of 
the Institute are : 


Entrance Annual 

Fee Subscription 
Members and Fellows . 440 
Associate Members and Fellows 3.3 


APPLICATIONS FOR MEMBERSHIP OR TRANSFER 

The following have applied for admission to or transfer of membership in 
the Institute. In accordance with the By-laws, the proposals will not be 
considered until the lapse of at least one month after the publication of this 
Journal, during which time any Fellow, Member, Associate Fellow, or Associate 
Member may communicate by letter to the Secretary, for the confidential 
information of the Council, any particulars he may possess respecting the quali- 
fications or suitability of the candidate. 

The object of this information is to assist thé Council in grading the can- 
didate according to the class of membership. 

The name of candidates’ proposers and seconders are given in parentheses. 

Application for Membership 

Boyes, Leonard Ernest, installation manager, Shell Petroleum Co. Ltd. 

(EZ. J. Sturgess ; D. R. Howfin.) 


BRACKENBURY, John M., assistant refinery manager, Shell Oil Co. Ltd. 
(W. M. V. Ash; G. Davidson.) 


Browne, Leonard William, section leader, drawing office, Anglo-Iranian Oil 
Co. Ltd. (R. E. Adlington ; C. S. Newey.) 


Browntow, Richard Derwent, student, Manchester University. (W. B. 
McColl.) 


Buxuarti, Mohd Sultan, Officer in Charge, Foe pecan of Army Stores and 
Clothing, Pakistan. (G@. Kinner; P. C. Hail.) 


CROMWELL, Oliver, acting operations manager, Shell Co. of Philippine Islands 
Ltd. (A. HE. Hewitt; EH. J. Sturgess.) 


DasBEtL, Kenneth Hazelton, branch engineer, Regent Oil Co. Ltd. (A. F. 
Dabell ; A. D. Maclean.) 


Duruam, James Sutherland, senior chemist, National Oil Pty. Ltd. (G. EB. 
Mapstone ; G. Sell.) 


Ex-Karen, Gilbert, assistant installation superintendent, Shell Co. of Syria 
Ltd. (A. McL. Knoz ; G. Sell.) 

Garpiner, George Leslie, manager, Shell Oil Co. of Canada Ltd. (W. M. V. 
Ash; G. Davidson.) 

Gorpon, Philip, chief technologist, Shell Oil Co. of Canada Ltd. (W. M. V. 
Ash; G. Davidson.) 

Hayes, Ronald Joseph, draughtsman, Imperial Oil Ltd. 

Hotness, Horace Cyril, Major, R.A.S.C. (A. L. G. F. Souter; E. A. L. 
Francis.) 

Jones, William Anthony, laboratory instructor, National Oil Refineries Ltd. 
(P. F. Ellis; HE. J. Horley.) 


Kamar, George G., installation superintendent, Shell Petroleum Co. Ltd. 
(A. McL. Knox; G. Sell.) 


Kanetxar, A. G,, Major, R.A.S.C. (A. LD. G. F. Souter; E. A. L. Francis.) 
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ii INSTITUTE NOTES 

Luecton, John Martin, technical representative, Morgan Crucible Co. Ltd. 
(C. Chilvers; W. Kay.) 

McCormack, Albert Edward, technical representative, Manchester Oil 
Refineries Ltd. (HZ. J. Dunstan ; S. Crossley.) 
Macxintosu, Aeneas James Douglas, Squadron Leader, R.A.F.. (V. G. 
Oehl; P. Low.) 
Macnetsu, Thomas Swan, design engineer, Trinidad Leaseholds Ltd. (J. W. 
Hardy; R. S. Curlet.) 

Morrison, Donald Mackay, assistant director, Shell Petroleum Co. of Canada 
Ltd. (W.M. V. Ash; G. Davidson.) 

Orrer, Leslie A as technical advisor, Shell Co. of Philippine Islands Ltd. 
(A. E. Hewitt; J. 8. Patrick.) 

Ricuarps, George Maxwell, oilfield and refinery trainee, United British Oil- 
fields of Trinidad Ltd. (7. A. Dent; J. L. Andrews.) 

Srmpxins, Weston Charles, assistant installation engineer, Shell Co. of Philip- 
pine Islands Ltd. (A. EZ. Hewitt; E. J. Sturgess.) 

SrepMan, Brian John, office engineer, United British Oilfields of Trinidad Ltd. 
(F. C. Hamilton; P. A. Taylor.) 

STEPHENSON, Ian Campbell, relief operator, National Oil Pty. Ltd. (@. E. 
Mapstone ; A. Sutherland.) 

Txompson, Frank Leslie, Staff Captain, Australian Army. (R. H. Street ; 
R. B. Southall.) 

Txomson, Alfred Phillips, installation manager, Shell Co. of Philippine 
Islands Ltd. (A. EZ. Hewitt; E. J. Sturgess.) 

Wiu1aMson, George Stanley, assistant refinery manager, Shell Oil Co. of 
Canada Ltd. (W. M. V. Ash; G@. Davidson.) 

Wuson, Robert Claude, drilling fluids engineer, Trinidad Leaseholds Ltd. 
(R. M.S. Owen; C. R. Morgan.) 


Transfers. 
CHURCHFIELD, Stanley Edward, geologist, Burmah Oil Co. (P.C.) Ltd. (J. D. 
Dewhurst ; G. D. Hobson) (Student to Associate Fellow.) 
THOMPSON, yrs Walter, technical director, Messrs Dussek Bros. & Co. 
Ltd. (J. S. Parker; V. Biske) (Associate Member to Fellow.) 
NEW MEMBERS 
The following elections have been made by the Council in accordance with 


the By-laws. 
Elections are subject to confirmation in accordance with the By-laws. 

As Fellows : 
DE LestaneG, R. M. C. N. McFapyen, W. T. 
E. A. Orr, A. S. 

As Members : 
Count ALBIZ Tue Hon. F. A. LEATHERS 

A. M. 
As Associate Fellows : 

Amin, A. B. Kine, R. C. M. 
ARTHUR, as B. Magor, 8. V. * 
Burnanp, D Prance, H. W. 
DevenisH, H. C. Ross, R. K. 
gg i. D. N. Srapricut, K. G. W. 
Green, D 0, ZENNER, M. C. 
HawEIns, C. 


As Associate Members : 


CROSSLAND, C. . Ricuarps, R. J. C. 
McGeroca, D. Tamauine, D. W. 
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i As Student : 

BRAKEL, A. 
i 


WAX MOULDING 
PRESSES 


The above press has 100 mould frames giving 200 cakes 24” x 12” x 14”. 
Fitted with hydraulic closing gear. 


Our wide and long experience in the manu- 

facture of wax moulding presses makes us 

specially suited to meet the most varied 

demands. May we submit proposals to suit 
your requirements? 


A. F. CRAIG & CO. LTD. 


CALEDONIA ENGINEERING WORKS 
PAISLEY SCOTLAND 
London Office : 727 Salisbury House, London, E.C.2 
Telephone : MONarch 4756 


American Associates : 
THE KOCH ENGINEERING COMPANY, INC., WICHITA, KANSAS 


Kindly mention this Journal when communicating with Advertisers 
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6,000 tonnes per day 

Crude Distillation Unit 
A Shell Photograph at Shell Refinery, in the 
U.K. 


The whole of the heat insulation to this 
unit, including sheet aluminium protective 
finish, was undertaken by Kenyon. 


The Kenyon organisation operates in every 
part of the world, and their technical 
department is ready to deal with your 
problems at all times. 


4, 
| 


KENYON 
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BAKER ROTARY WALL SCRAPER 


and economically enlarging the walls of an open hole to a diameter 


en efficient device has been universally used for many years for safely 


_" considerably greater than the diameter of the casing through which it 
is run. Although the successful basic design has not been altered, constant 
improvements are made to take advantage of advances in metallurgical 
development and reports by owners of new uses and adaptations. 


Some of the more important 
applications of this versatile 
tool include... . 


CLEANING UP 
OIL SANDS 


SETTING LINERS 


SETTING CEMENT 
PLUGS 
BOTTLENECKING FOR 
CEMENT JOBS 

* 


ENLARGING HOLES 
FOR CASING 
ENLARGING HOLES 
FOR GRAVEL PACKING 


DIRECTIONAL 
DRILLING 
SIDETRACKING 
STRAIGHTENING 
HOLES 


FISHING JOBS 


WATER SHUT-OFF 
TESTS 


The Safety of the Baker 
Wall Scraper has been ably 
demonstrated in thousands of 
successful runs made in oil 
fields throughout the world 
under most adverse operating 
conditions. 


Kindly mention this Journal when communicating with Advertisers 


COMBINES 
ALL FEATURES 


The Baker Hydraulic Expan- 
sion Wall Scraper combines 
the following features which 
are vitally essential to Efficient, 
Economical operation : 


Maximum Expansion Range 
on Cutter Blades. (From 43” 
to 36” expansion using only 
six bodies.) 


Vertical cutting edges of 
blades contact the side of the 
hole a sufficient distance to 
give good bearing surface on 
formation. (Minimizes ‘‘cork- 
screwing”’ of Scraper ; assures 
an even cut on all sides of 
hole; and permits faster 
downward feeding which re- 
sults in more hole per hour.) 


Full circulating force direct- 
ed on Blades, to assure cuttings 
being removed quickly and 
blades being cooled and well - 
lubricated. 


Additional details can be 
found in the Baker, or Com- 
posite, Catalogue. 


BAKER OIL TOOLS, INC. 


BOX 2274, TERMINAL ANNEX, LOS 
ANGELES 54, CALIFORNIA, U.8.A. 
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Modern fire protection /or refineries 
and tank storage 


The production and pro- 
cessing of oil in all its vari- 
ous phases involves many 
different fire dangers, each 
of which can be success- 
fully overcome with one 
or the other of the range 
of ‘‘Pyrene”’ Fire Appliances. Some of the latest forms are shown here, including one 
of the latest ‘“‘Pyrene’’ Foam Tenders, an impression of a fixed Foam Installation, a 
“Pyrene’’ Portable Foam Tower and the P.D. 20 Extinguisher. Amongst other 
notable “Pyrene’’ Equipment for fighting oil and spirit fires are Mechanical Foam 
Generators and Foam-making Branchpipes. ‘Those responsible for fire safety in the Oil 
Industry may benefit by the experience and research of our Engineers and Chemists who 
will be pleased to give free and impartial advice on these fire problems. 


d The P.D. 20 CO, 
= Dry Chemical Fire 


ge Extinguisher — “‘ the 
fastest ever’'’—is 
shown below. It 


smothers smaller out- 
breaks involving oils, 
spirits, alcohols, etc., 
in 2 or 3 seconds. 


One of many different types of “* Pyrene’’ Motor- 

driven Foam Tenders—the fastest and most 

efficient mobile safeguard against fire risks in 
Refineries and Tank Farms. 


IRE 
provec ON 


Illustrated literature will be gladly sent on request to Department J.1.10 


Tih 
THE PYRENE COMPANY LIMITED Portable 
9 Grosvenor Gardens, London, S.W.I (VIC 3401) bo handled by too man. 


Kindly mention this Journal when communicating with Advertisers 
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Vertically Split Casing Single- Horizontally Split me | Multi- 


Stage Hot Oil Pumps. Stage Pumps for Hot O 
The above are some only of the Designs included. 
Established 1875 Advertisement No. 3316 


‘Pulsometer Engineering 


fine Elms lronworks, Reading. 


ENGLAND 


WASHING 


Holley Mott Plants are 


efficiently and continuously 


washing millions of gallons 


of Petroleum products daily. 


Designed for any capacity. 


May we submit schemes to 


See suit your needs? 


HOLLEY MOTT 


Continuous Counter-Current Plant 
Telegrams: 
“Typhagitor, Fen, London.” worig-wide Licensees, H.M. CONTINUOUS PLANT 
Telephone: Royal 7371/2 LLOYDS AVENUE, LONDON, E.C.3. 
Kindly mention this Journal when commumicating with Advertisers 
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MATTHEW HALL 


& CO. LTD. 


ESTD 1848 


MATTHEW HALL 


WELDED OIL PIPE LINES 
ERECTION OF OIL REFINERY PLANT AND MACHINERY 
AIR CONDITIONING, REFRIGERATION, INDUSTRIAL ENGINEERING 
FLAME-PROOF ELECTRICAL INSTALLATIONS 


. 26-28 DORSET SQUARE, LONDON, N.W.1 


Paddington 3488 (20 lines) 


GLASGOW MANCHESTER LIVERPOOL BELFAST NEWCASTLE CARDIFF COVENTRY EIRE 
WEST INDIES MALTA GIBRALTAR JOHANNESBURG DURBAN WELKOM RHODESIA 
Kindly mention this Journal when communicating with Advertisers 
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The 
YORKSHIRE COPPER WORKS 
LIMITED LEEDS 


AND BARRHEAD, SCOTLAND 


FATAL TO FIRES 


Here is a foam compound that will kill any oil or petrol fire with speed and certainty. 
Nicerol is a concentrate, producing a heavy-type foam of closely knit small bubbles 
which form a tough vapour-tight blanket over any surface of burning oil or petrol. 
It is characteristic of Nicerol Foam that it flows with the fire and is highly resistant 
to flash-back or re-ignition. It can be used successfully in any type of mechanical 
foam or air-foam apparatus—is equally effective with salt water or fresh and can be 
stored for years without deterioration. 
% The Royal Navy and the Royal Air Force use it and so do Oil Companies, Fire Equipment 


Manufacturers, Civil Air Lines, several Commonwealth and Foreign Government departments, 
and Fire Brigades throughout the world. What better recommendation ? 


n pouring of contents. These are supplied in 2, 5 or 40 Imperial Gallons capacity 


NICEROL LIMITED 


LISDUFA Lisburn) Ne Ireland 
Associated with the Burnhouse Organisation 


Kindly mention this Journal when communicating with Advertisers 
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AND OTHER PETROLEUM PRODUCTS 


BON 


BALANCED APPROVED BY 
PERFORMANCE THE BOARD OF 
RUGGED TRADE (Standards 
CONSTRUCTION Department) 


RS LI 
4X BELLE 


ESTABLISHED 1777 LONDON, N.7 "PHONE : NORTH 1625 


RELIEF VALVES 

FOR OIL REFINERY SERVICE 
i FOR ALL PRESSURES UP TO 2,700 LBS. 


TEMPERATURES UP TO 1,000° F. 


MASONEILAN 
AUTOMATIC 
CONTROLS 

FOR LEVEL, PRESSURE, ETC. 


CROSBY VALVE & ENGINEERING 
co. LTD. 


251, EALING ROAD, WEMBLEY 
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in the giant new 


ESSO OIL REFINERY 


has been supplied by 
METROVICK 


Motors and control gear, switchgear, 
transformers and lighting—amounting to 

seventy per cent. of all the electrical 

equipment used to drive and to light the 

great new refinery at Fawley—were » 
supplied by Metropolitan-Vickers. 2s 
In this, as in every other sphere of 
electrical engineering, Metrovick are 
making an essential contribution to 
the National economy. 


Providing Power for Productio 


METROPOLITAN-VICKERS ELECTRICAL COMPANY LIMITED) 
Trafford Park, Manchester, 17. Member of the A.E.I. group of companies. 
Gn 
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These crude distillation 
units are but two of the 
many units which, when 
completed, will comprise 
the largest refinery in 
Europe. They are being 
constructed by Foster 
Wheeler Ltd., for the 
Esso Petroleum Com- 
y Ltd., at Fawley, 
outhampton. ‘Fleet- 
weld 5’ and Lincoln 
Welders are being used 
exclusively on this major 
project. 


An Esso photograph by 
William Martin Ltd. 


World’s largest manufacturers of arc-welding equipment and electrodes 
LINCOLN ELECTRIC CO LTD - WELWYN GARDEN CITY - HERTS - WELWYN GARDEN 920 
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For long and reliable service under arduous 
conditions “‘ Nettle” and “ Thistle” Fire- 
bricks are widely renowned. 


Made from selected fireclays by most 
modern methods under constant laboratory 
control “ Nettle” and “ Thistle ” have set a 
standard for consistency of quality. 


Full particulars of our Firebrick Brands, 
Refractory Cements, Castables and Con- 
cretes will be gladly sent on request. 


JOHN G. STEIN & C° Bonnybridge. Scotland 
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It ivs drilling7\ 
= power youre 


Wustrated are Paxman powered drilling 
rigs in four of the many oil-fields in which 
they are used. Individual Paxman power 
units for oil-well drilling range in output 
from 90 to 665 b.h.p. Noteworthy features 
of these plants are high performance- 
durability and mobility backed up by an 
efficient comprehensive service and spares 
programme available throughout the world. 


AVEY, PAXMAN & CO. LTD., COLCHESTER 


. (ASSOCIATED WITH RUSTON & HORNSBY LTD., LINCOLN) 
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A battery of 300 sq. ft. Oliver Dewaxing Filters in an English Lube Oil Refinery 


CONTINUOUS ROTARY VACUUM DEWAXING 
FILTERS from 300-500 sq. ft. of filtering area. 


CONTINUOUS ROTARY VACUUM PRECOAT FILTERS 
for Contact Clay from 65-400 sq. ft. of filtering area. 


SWEETLAND PRESSURE FILTERS for Contact Clay from 
100-500 sq. ft. of filtering area. 


COMPANY LIMITED 


Abford House, Wilton Road, London, S.W.! 
Laboratories: Manor Mount, Forest Hill, S.E.23 
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NOW ON SALE 
Published October 1951 Forty-second Year 


OIL & PETROLEUM YEAR BOOK 


1951 

Compiler: WALTER E. SKINNER 

: Price Twenty Shillings Net 

. Post Free (Inland and Abroad), Twenty-one shillings 

600 pages In Demy 8vo, bound in RED cloth 


THE INTERNATIONAL STANDARD REFERENCE BOOK 
ON THE WORLD INDUSTRY. 


762 COMPANIES 
The book is invaluable to everybody interested in this important 


industry, its contents comprising complete up-to-date and reliable | 
particulars concerning companies operating in all branches, Pro- i 


ducers, Refiners, Transporters, Exploration, Finance and Oil Dealers. 
Arranged in alphabetical order. 


AMERICAN AND FOREIGN COMPANIES ARE FULLY a 
DEALT WITH. 


Particulars given of each Company includes the Directors and other officials; 
date of incorporation; seat of operations; nature of business, description of 
property, refining and other plant, crude oil production; details of capital; 
dividends paid; and the financial position as disclosed by the latest accounts. 
Highest and lowest prices of the shares for the last three years. 


MANAGERS, ENGINEERS, AGENTS, etc. 492 names and addresses 
and the names of the companies in the book with which they are 
connected. 


BUYERS’ GUIDE—A List of Manufacturers of Oilfield and Refinery 
Equipment and Accessories comprising 705 headings. 


Advertisements: 248 Firms connected with the Oil Industry advertise in 
the book. 


Obtainable from all Booksellers, or direct from the Publisher — 
WALTER E. SKINNER 


20 COPTHALL AVENUE, LONDON, E.C.2 
Telephones: MONARCH 5707, MONARCH 5958 
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WARRINGTON & LONDON 


are organised and equipped 
to carry out 


CIVIL ENGINEERING 
REINFORCED CONCRETE 
& BUILDING CONSTRUCTION 


connected with 
THE OIL INDUSTRY 


This organisation has been responsible for 
the construction of many major projects at 
Home and Overseas 


A. MONK & COMPANY LIMITED 


Head Office: London Office: 
Padgate, Warrington 75 Victoria Street, S.W.1 
Tel: Warrington 2381 Tel: Abbey 2651 
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Telephone: WEStern 4744 


THE HYDRONYL SYNDICATE LTD. 


14 GLOUCESTER ROAD, LONDON, S.W.7 
Telegrams: HYDRONYL - KENS - LONDON 
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The foremost name in 


BOILER rEED PUMPS 


POWER PLANT AUXILIARIES 


for more than sixty years 


FEED PUMPS - FEED HEATERS - DE-AERATORS - EVAPORATING & 
DISTILLING PLANTS - REGENERATIVE CONDENSERS - and HEAT 
EXCHANGERS 


Thousands of tons of “Bitumastic” 70 8 
Enamel have been used to protect gas 
and oil pipe lines in America and the 
Middie East. Its outstanding anti- 
corrosive properties have been de- 
monstrated on pipe lines all over the 
World. 


IUMA TRADE MARK 


WAILES DOVE BITUMASTIC LTD * HEBBURN * CO. DURHAM 


AGENTS THROUGHOUT THE WORLD 
Kindly mention this Journal when communicating with Advertisers 
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BUBBLE TRAYS 


Economical processing and extreme flex- 

ibility have made these bubble trays the 

choice of refiners throughout the world. 

The Glitsch truss-type design saves time 

and money in both erection and opera- 

tion. Longer runs “on stream” are 

made possible and maintenance is greatly mame Covered by British patents 
606,318, 606,870, 615,228, 


simplified. 625,418, 628,311, 628,343, 
629,141. 


Stainless Steel Specialists 


74 PURLEY WAY, CROYDON, SURREY 
Telephone: Thornton Heath 36/1 Telegrams: Metaprops, Souphone, London 
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NEW! 


The standard range now 
includes: 


TYPE VHW 

for extremely hard and 
abrasive formations to 
overcome excessive Gauge 
wear. 


JET TYPE BITS 


with special circulation 
nozzles for increasing the ~ 
rate of penetration in soft 
formations. 


ROCK 
BITS 


THE EDECO ROCK BIT is manu- 
factured by English Steel Corpora- 
tion Limited in conjunction with 
the Drilling Equipment 
Co. Ltd. The EDECO Bit has 
been designed, engineered, built 
and tested by a team of American 
experts who have specialised in 
building Rock Bits. 

English Steel Corporation have 
the facilities for making any known 
high grade steel, and the S.A.E. 
Steel used in the EDECO ROCK 
BIT is identical with that used by 
the American Rock Bit makers. 

All the processes from the selec- 
tion of the materials — all 
the stages of forging, machining, 
welding and heat treatment are 
earried through inside the Eng- 
lish Steel Corporation Plant. 

There is, therefore, full assur- 
ance that the EDECO ROCK BIT 
is made of the finest materials and 
under the supervision of experts 


at every stage. 


\ \ 


SILBAO HOUS NEW DOH, E.6.2 ‘Telephone: London Wail 
USE, 36-38 BROAD 8T. LONDOH, 
EDECO (TRINIDAD P.O. Box 27, Sar . 
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*Rusting’s not what it was. Remember when, between us, we used to get through 
something like £900,000,000 worth of iron and steel every year?’ 


* And worth three times that now’, said the Cathode. 


‘These corrosion Committees *, said the Anode, spitting a stream of metal ions. 
‘Importance of surface preparation and red lead priming. Anodic suppression .. .! 
Putting ideas like that about. How are we expected to live?’ 


‘We're not’, said the Cathode. ‘The latest horror is a paint that suppresses me as 
‘ well. Modified red lead of some kind. Calcium Plumbate’s the pigment. Not even sea 
water's going to help us when they start using that. Wish I could remember the name’. 


‘I give up’, said the Anode. ‘Science just makes life more difficult . .. What’s that noise?’ 


‘Sounds like a brush to me’, said the Cathode, ‘and by the speed it’s coming up it must 
be using that new paint. Brushes out fast and covers like the devil’. 


“Look out !” said the Anode. 


This is it’, said the Cathode— RUSTODIAN ’. 


Rustodian is made in self-colour peach, standard Light Stone and B.S.S. colours 
Light Brunswick Green, Dark Battleship Grey, and Imperial Brown. 


*An iron surface is never perfectly uniformand | from sea water), chemical compounds forming 
in the presence of moisture a number of electric | at the cathodes tend to destroy the paint film. 
cells form on its surface. Iron dissolves from Rustodian suppresses electrolytic action at 
the anodes causing progressive corrosion and | both anodic and cathodic areas, and therefore 
pitting. At the same time, in certain circum- retards the destructive effects arising from 
stances, (such as in the presence of sodium salts | these causes. 


ASSOCIATED LEAD MANUFACTURERS LTD 
% ’ Ibex House, Minories, EC3 Crescent House Lead Works Lane 


LONDON NEWCASTLE CHESTER 


Export enquiries to: The Associated Lead Manufacturers Export Co. Ltd., lbex House, Minories, London, EC3 
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OWECO 


THE OIL WELL ENGINEERING COMPANY LTD 
announces its association with 
THOMAS BOORN & COMPANY LTD. 
in the manufacture and sales of rubber goods 
under licence by PATTERSON BALLAGH— 
division of Byron Jackson Co.— 
of the United States of America. 


The entire manufacturing technique is thus 
made available to THOMAS BOORN & COMPANY 
through the OIL WELL ENGINEERING COMPANY. 

The PATTERSON BALLAGH range 

of oilfield equipment made in the U.K. 

— and completely interchangeable with 
the U.S. products — is now 
offered to the Petroleum Industry. 


Patrerson 
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Designed & Developed 
for Oilfield 
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Newallastic ’’ bolts and studs have qualities which 

_ are absolutely unique, They have been tested by 
every known device, and have been proved to 
be stronger and more resistant to fatigue than 

bolts or studs made by the usual method. 


POSSILPARK GLASGOW-N 
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LATEST 


‘DEVELOPMENTS 


“DRY CHEMICAL EXTINGUISHER 
Ibs. and 3 Ibs. 


Ain’ 


AIR FOAM EQUIPMENT 


Full details on application 


FOAMITE LTD. 

235-241 REGENT 

LONDON, 
Telephone = Regent 6§27 
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